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SUMMARY 
To simulate the growth of a region's product and 
income is to create the data that describe the evo-
lution of a regional economic system. In this study 
the data pertain to the Iowa economy for the 20-year 
period - 1954 to 1974. They are presented for two 
primary purposes - to illustrate (a) the effects of 
major market and technological trends on a state or 
regional economy and (b) the uses of social account-
ing data in state or regional development and plan-
ing. Estimates of the gross Iowa product are pre-
sented to show its changing composition over the 
1954-74 period. In addition, a system of economic re-
lationships is used to generate year-to-year changes 
in specific components of Iowa's gross product. 
The Iowa data show the principal structural fea-
tures of the state's economy. In 1954, for example, 
the gross Iowa product (i.e., the "value added" by 
economic activity in Iowa) was 5.6 billion dollars, of 
which 4.5 billion dollars was in the fonn of personal 
income payments. Thus, the 1954 gross state product 
of $2,090 per capita was sufficient to allow for an 
average personal income of $1,690, given a total 
Iowa population of 2,665,000. 
By 1974, the Iowa gross product will reach 9.5 bil-
lion dollars (in constant 1954 dollars) - an increase 
over the 20-year period of 2.7 percent per year, com-
pounded annually - according to the benchmark pro-
jections. Total population in 1974 is estimated at 
2,852,400, an increase of only M percent per ~ar. 
Per-capita personal income would reach 2,560 dollars 
per person, while projected gross investment would 
reach 2.2 billion dollars. 
Thus, for the first time, estimates of the Iowa gross 
product are available to show the contribution of the 
Iowa economy to the Gross National Product. 
Although this contribution is declining on a percentage 
basis, it is increasing on a per-worker basis. Thus, 
the Iowa economy is benefiting from national eco-
nomic growth because resources, particularly labor 
and capital, are adjusting to the changing patterns 
of remunerative employment opportunities in the na-
tion as a whole. 
The results of the study show that, because 20 per-
cent or more of the gross Iowa product is invested 
in new plant and facilities, relatively high rates of 
increase in productivity are maintained among Iowa 
industries. These high growth rates require corre-
spondingly high demand growth to maintain employ-
ment levels. In the agricultural sector, however, 
productivity increases greatly exceed the growth in 
demand; this contributes to .a substantial reduction 
of employment in this industry. In transportation, 
also, 'Similar trends characterize the industry. 
Another contribution of this study is the projec-
tions of state product and income obtained under al-
ternative assumptions regarding the diffusion of 
technological progress and the growth in aggregate 
market demand. Under one alternative, rapid growth 
in labor productivity in the commodity-producing in-
dustries is associated with a decline in total employ-
ment. We recognize, however, that these increases in 
productivity are essential for competitive reasons. 
These increases are associated implicitly with pri-
vate and public policies to reduce production and 
transfer costs, increase new product development, 
and effectively promote these products in out-of-state 
markets. However, further research is needed to ex-
plicitly show the effects of these policies and their 
related activities on the competitive position of Iowa 
businesses in out-of-state markets. 
Another pattern of regional economic growth em-
phasizes the production of those goods and services 
for which the demand elasticities are high. In these 
industries, as consumer incomes increase, or as 
prices decrease because of an increase in output, the 
total value of output· increases. Generally, the ser-
vice industries, which belong in this group, are 
marked also by relatively small increases in labor 
productivity. Consequently, the service industries 
provide some of the new job opportunities for dis-
placed workers from the commodity-producing in-
dustries. 
The four alternative patterns of regional economic 
growth are represented by four simulation runs for 
the 20-year period. These simulation runs include the 
benchmark projection, based on historical trends in 
labor productivity and out-of-state "shipments, and 
three experimental runs that correspond to the al-
ternative growth patterns. Two series of projections 
were prepared by using lower rates of increase in 
output per worker than in the benchmark series; 
a third series assumes lower levels of out-of-state 
shipments. 
In the first productivity experiment, growth in out-
put per worker in livestock and crop agriculture was 
reduced from 3.9 percent and 7.8 percent, respec-
tively, to 3 percent. As a result of this modification 
in the growth patterns, total employment increased, 
and, hence, the gross product increased by 46 mil-
lion dollars, population increased by 140,000, personal 
income dropped slightly, and gross investment in-
creased by 73 million dollars. 
In the second productivity experiment, growth in 
output per worker in wholesale and retail trade, fi-
nance, real estate, insurance and other services was 
reduced to 0.5 percent - a reduction of 50 to 60 per-
cent from the benchmark levels. As a result of these 
changes, the gross product increased by 34 million 
dollars, population increased by 93,000, personal in-
come increased by 27 million dollars (but per-capita 
income declined 72 dollars), .and gross investment in-
creased by 67 million dollars. 
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In the export experiment, the growth rates in out-
of-state shipments of livestock, crops and other ag-
ricultural products, meat products, and other 
food and kindred products were reduced by ~ per-
cent. This experiment resulted in substantial reduc-
tions in all the major economic indicators. Gross pro-
duct, personal income and gross investment each de-
clined by more than 500 million dollars. Population 
also declined, thus resulting in a smaller reduction in 
per-capita income than in the other two experiments. 
Each of the three experiments can be related to 
public programs, or the lack of them, that affect the 
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competitive position of Iowa industries in out-of-state 
markets in two ways: One, by increasing output per 
worker or, two, by increasing the aggregate demand 
for the products of Iowa industries. By tracing the 
effects of these programs on Iowa's product and in-
come accounts, their social benefits can be assessed. 
These benefits can be compared with the program 
costs. Thus, the simulation model makes possible 
quantitative estimates of the merits of alter-
native public programs as a basis for improving the 
quality of public decisions at the regional or state 
level. 
Simulation of Regional Product and Income 
With Emphasis on Iowa, 1954-19741 
by Wilbur R. Maki, Richard E. Suttor and 
Jerald R. Barnard 
The use of mathematical models for analytical pur-
poses is not new. Such models are used widely in 
both engineering and economic studies to represent 
a simplification or idealization of reality, to predict 
performance or to achieve control of a system(3). 
As pointed out by Forrester, "A model, compared 
to the real system it represents, can yield informa-
tion at lower cost. Knowledge can be obtained more 
quickly and for conditions not observable in real life" 
(5). 
A model of state economic growth is a representa-
tion of the variables, factors and conditions affect-
ing the levels and rates of change in particular com-
ponents of a state's economy. The major economic 
components are the labor and capital, the outputs of 
goods and services, and the technical structure that 
relates the quantities of different outputs to speci-
fied resource inputs. 
Finally, the concept of economic development de-
notes the conscious use of public .and private means 
to achieve certain goals (1). A computable model, 
therefore, represents a system of relationships and 
variables for ascertaining the effects of particular 
components of a state's economy on its total employ-
ment, production and income.2 
Characteristics of Computable Models 
A model that correctly and adequately depicts the 
"anatomy" and "physiology" of an economic system 
and that also has certain powers of prescription pos-
sesses the elements of success in economic progno-
sis (19). By the anatomy of a model, we mean the 
framework of production, consumption and accumu-
lation of a particular region. 
Production occurs for several reasons: first, to 
meet current demands (including capital accumula-
tion) of other regional industries; second, to provide 
the regional population with various goods and ser-
vices; and third, to engage in profitable out-of-region 
sales that result in business growth and expansion. 
Consumption and accumulation compete in the dis-
position of output. When the ratio of consumption to 
production increases, less product is left to accumu-
late as investment in new plant and facilities and 
other capital outlays (including the rest-of-world ac-
) Project No. 1615 of the Iowa Agricultural and Home Economics Ez-
pcriment Station, Center for Agricultural and Economic Development 
cooperating. 
• B~cau.e this study focuses on computable models for use in develop-
ment planning, it is confined to the deterministic mther than stochastic 
forms of simulation models. 
count). However, outside financial resources can 
make possible an increase in consumption, or a de-
crease in exports, without adversely affecting the 
balance of payments with the rest of the world. 
The physiology of the economic system is repre-
sented by behavioral and technological relationships 
that describe the patterns of consumer and business 
expenditures and of resource utilization. Behavioral 
patterns are influenced by changes in product prices 
and quality, business and personal incomes, and cus-
tomer preferences. Techniques of production also are 
constantly changing because of new technology and 
changing expenditure patterns. 
Finally, the diagnostic capabilities of the model are 
enhanced by use of a computer that makes possible 
the inclusion of a large number of separate equations 
to describe the regional economy. Moreover, differ-
ent assumptions regarding prospective levels of ex-
ports, taxes and productivity can be made, and 
their implications can be traced without excessive 
strain on computing costs. 
A comprehensive model of Iowa's economy would 
include the sequence of events contributing to expan-
sion of both export markets and employment. Such 
a model would also include the means for accomp-
lishing economic development, particularly the gov-
ernment inducements and constraints on private de-
cisions that affect the levels of output and invest-
ment. 
Economic Analysis for Regional Development 
Factors affecting regional development 
Regional economic development involves a contin-
ua] choosing among alternative means to reach a 
multiplicity of ends. Not the least of these choices 
concerns the allocation of income between consump-
tion and investment. When regional development is 
viewed in a context of investment decision making, 
the gross regional product becomes a relevant meas· 
nre of economic vitality and well-being. What the na-
tional or regional economy produces in the way of 
goods and services determines the income levels of 
its people and institutions. From the retained profits 
and capital consumption allowances of bus-
inesses, the savings of households and the tax re-
ceipts of governmental agencies come the financial 
resources to cover investments in buildings, equip-
ment, education, roads and other means of increas-
ing resource productivity. 
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The productivity per worker is an important ele-
ment in a regional economic model. Productivity per 
worker is directly related to the rate of increase in 
total output and the rate of decrease in total man-
hours. Using Iowa as an illustration, we can observe 
that total farm employment is declining at a rate of 
2.8 percent per year, while total farm output is in-
creasing at a rate of slightly more than 2 percent per 
year (12). Productivity per worker in Iowa agricul-
ture, therefore, is increasing at an annual rate of 
approximately 5 percent, which is substantially 
in excess of the average annual increase in popula-
tion in the United States. 
To have a growth rate in agricultural output in ex-
cess of the rate of national population growth 
requires investment in new facilities and in manage-
ment skills that would help maintain and, indeed, im-
prove the competitive position of a region's agricul-
ture. In this way, a region can maintain or even in-
crease its share of the total domestic trade in farm 
products. At the same time, a decline in farm em-
ployment requires changes in both jobs and res-
idences. New jobs would mean remunerative oppor-
tunities for displaced farmers, while the lack of new 
jobs would force migration out of the region to near-
by states, and, generally, to those areas where ade-
quately remunerative jobs can be found. 
Information needs in regional decision making 
Information for decision making is not necessarily 
relevant knowledge for understanding the factors af-
fecting regional development. Understanding is not 
the same as foresight, nor is prediction a substi-
tute for explanation. A description of economic pro-
cess or a model of economic development should in-
clude, therefore, the determinants of change and the 
sequence of events that have led to the present state 
or condition of the regional economy. 
Although the primary objective of this report is to 
provide information for decision making, the proce-
dures for generating the information are examined 
critically with reference to those theories of economic 
growth and development that provide an understand-
ing of the ways in which an area economy grows 
and develops. For decision making at the state level 
of development planning, the information require-
ments include estimates of: 
( a) Local and export (out-of-state) market projec-
tions, made under different assumptions regarding 
total national market shares for present and prospec-
tive industries; 
(b) Job opportunities and labor requirements as-
sociated with the expected future outputs of goods 
and services; 
( c) Capital requirement of the projected industries 
and institutions, including government; 
( d) Productivity of the labor force in the different 
industries; 
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( e) Labor mobility and population migration asso-
ciated with the projected levels of employment and 
income. 
1\. system of employment, production and income ac-
counts provides a scheme for organizing the econo-
mic data pertaining to regional economic growth by 
providing a basis for formulating economic models 
consisting of behavioral, technical and definitional re-
lationships. The definitional relationships can be de-
rived directly from the accounting framework, while 
the behavioral and technical relationships would be 
based upon economic theory and the results of em-
pirical analysis of time series, survey and engineer-
ing data. 
Accordingly, the purpose of this bulletin is to de-
scrihe a comprehensive system of social accounts 
for a regional economy and to present a simulation 
model for analyzing regional economic growth. The 
accounting system is described and estimated for the 
Iowa economy in 1954. This is followed by a presenta-
tion of the simulation model. The model is applied to 
the Iowa economy, and several simulation runs for 
the 1954-74 period are discussed. Finally, the policy 
implications of the simulation model and social ac-
counting system for regional development are de-
scribed. 
REGIONAL PRODUCT AND INCOME 
The first contribution of this study is a presenta-
tion of the methodology for estimating the gross re-
gional (or state) product; i.e., the regional contribu-
tion to the Gross National Product. Subsequently, the 
structural features or the anatomy of the regional 
economy are represented in terms of the product and 
income flows among major groups of transactors. 
At least five different groups of transactions are iden-
tified with reference to a system of product and in-
come accounts. 
1. The production transactions that deal with the 
disposition of goods and services produced and 
with reimbursement of the owners of the primary 
inputs for the value of the services rendered; 
2. The consumption transactions that involve the 
income payments to households as well as 
expenditures on goods and services; 
3. The government transactions that also involve 
both income payments and expenditur~s for 
goods and services; 
4 The capital transactions that represent the ac-
cumulation and disposition of savings; 
5. The rest-of-world transactions that contribute to 
the balance-of-payments position of a region. 
These transactions can be represented by a flow 
chart as shown in fig. 1. In this chart, the directions 
of the income flows are shown by the connecting lines 
between the five different groups of transactors. In 
addition, the estimated 1954 volume of transactions -
both product and income flows - are specified in 
the parentheses (in millions of dollars) for the Iowa 
economy. 
terms, the 1953 national product and income accounts 
are presented, followed by a corresponding set re-
presenting the Iowa social accounts. 
Social Accounting Systems 
The estimates of the Iowa product and income ac-
counts presented in fig. 1 are based on an applica-
tion of national income theory to a regional economy 
(18, 19). To illustrate this application in numerical 
1953 U. S. social accounts 
Pertinent data depicting the U.S. product and in-
come flows for 1953 are summarized according to the 
five major groups of transactors (table 1). In this 
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Fig. 1. Flow chart for an area economy. 
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system of accounts, consumption expenditures on 
goods and services are differentiated with reference to 
households and government. The consumption ac-
count shows the expenditures, tax payments, trans-
fer payments, earnings and savings of all household 
and nonprofit institutions. Intersectoral transactions 
are excluded, except for the 7.S-billion-dollar entry 
representing subsidies and government interest that 
has been deducted from tax and income payments 
of producing units to government. A 16.4-billion-dol-
lar entry representing imports has been de-
ducted from the production accounts. 
The individual entries in the social accounting ma-
trix can be represented, also, as a series of trans-
actors and of flows among these transactors (table 
2). Each of the 25 flows represented in the social ac-
counting matrix in table 1 are identified. in table 2 
in terms of the origin and destination of these 
flows. 
1954 Iowa accounts 
A system of state income and product accounts is 
substantially more difficult to prepare than a corre-
sponding system of national accounts, since some of 
the information necessary to establish the location of 
the transactor is lacking on an area basis. For ex-
ample, only partial series of state-to-state commodity 
shipments and money flows are available. Although 
the national censuses of business and manufacturers 
show the total sales of establishments, no compar-
able data are collected that show the geographical 
destination of out-shipments, the geographical loca-
tion of the purchasers of the goods and services sold 
or the residence of the recipients of income pay-
ments originating in the state. 
Despite the lack of adequate statistical data to con-
struct a comprehensive system of regional or state 
accounts, it was possible to use the interindustry 
transactions table of the Iowa economy in preparing 
a system of social accounts for Iowa. At this point, 
only the social accounting matrix (table 3) and the 
supporting table of product and income flows (table 
4) are presented, simply to illustrate a regional, or 
subnationa~ system of social accounts. 
Table 1. Social accounting matrix for the United States, 1953.· 
Incomings 
Production 
account 
Consumption 
account 
Outgoings 
Government Capitol 
account account 
(billion dollars) 
Rest-of-world 
account 
Production account .... ..... 0 229.6 77.2 53.1b 4.9-
Consumption account ........ 277.5 0 12.8 0 0 
Government account 46.84 44.6 7.6 0 0.1 
Capitol account ...... ...... 40.5' 15.6 -4.8 0 1.9 
Rest-of-world account .. , ... 0 0.5 6.3 0 16.4 
Totals 364.8 290.3 99.1 53.1 23.2 
• Notional Bureau of Economic Research. The notional economic accounts of the United States. U.S. Govt. Print. Oft. 1958. pp. 44-45. 
b Gro~s expenditures on producers durable goods plus net change in producing units inventories. 
Totals 
364.8 
290.3 
99.1 
53.1 
23.2 
• Net exports. 
d Tax and income payments by prodUcing units to government, exclusive of subsidies and government interest, which are included under govern-
ment account . 
• Including statisticol discrepancy. 
Table 2. The income and product accounts of the United States, 1953.· 
Flow Production account Allocation Source 
1. Payments by producing 
units to individuals ...... 277.5 
2. Income retained by 
producing units .......... 39.5 
3. Tax and income payments 
by producers to government 54.4 
4. Subsidies and government 
interest .. . . . . . . . . . . . .. -7.6 
5. Statistical discrepancy ..... 1.0 
6. Consumers' expenditures 
on goods and services ..... 
7. Government expenditures 
on goods and services ..... 
8. Gross expenditures an 
producers' durable goods ... 
9. !'let cha.nge in enterprise 
inventories ............ .. 
10. Exports ................ . 
11. Imports ..... ........... ... . 
12. Tax payments by in-
dividuals to government ... . ... 
13. Transfer payments by 
Individuals to abroad .... . 
14. Personal saving ......... . 
15. Transfer payments by 
government to individuals 
16. Transfer payments from 
abroad to individuals ..... 
17. Transfer payments to 
abroad by government ... . 
18. Government surplus ...... . 
229.6 
77.2 
51.6 
1.5 
21.3 
-16.4 
Consumption account 
Allocation Source 
277.5 
229.6 
44.6 
0.5 
15.6 
12.8 
0 
Government account 
Allocation Source 
(billion dollars) 
54.4 
7.6 
77.2 
44.6 
12.8 
6.3 
-4.8 
Foreign account Capital account 
Allocation Source Allocation Source 
39.5 
51.6 
'2'-03 1.5 
''-6.4 
0.5 
0 
6.3 
19. Transfer payments from 
abroad to ~overnment ..... .... 0.1 0.1 
20. Ne~g.~rawlng ,f~om ~~~~ad. : 364.8 364·.8 29'0'.3 290'03 '99.1 '99. i 2g '23.2 53.1 5l:r 
~ National Bureau of Economic Research. The notional economic accounts of the United States. U.S. Govt. Print. Off., Washington, D.C. 1958. 
p. 4.6. 
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Table 3. Social accounting matrix for Iowa, 1954.· 
Outgoings 
"ii 
c ] 
.... 
:g l! 0 0 c c 
'"5. 'Oc ;, 0 COl ;t" 0 Incomings ':;+0- e'" oE .... "ijc '- u uc ~§ CC ... C u ::S::s .. ~::s ... ::s 0;, 0 
'00 CO 2~§ .- 0 t;8 ou Ou C. v '-u ull au "u :( 0..0 VI 010 uo <>:0 
Production 
(million dollars) 
account 0 3,714.3 544.2 739.2 572.2 5,569.9 Conoumption 
account .... 4,169.7 
State and local 
0 0 0 324.3 4,494.0 
government 
account ......... 475.9 20.9 
Capital 0 0 48.8 545.6 
account 
Rest-of-worid 
...... 696.2 380.8 0 0 0 1,077.0 
occauntb 228.1 378.0 1.4 337.8 0 945.3 
All account; . : : : : : 5,569.9 4,494.0 545.6 1,077.0 945.3 
• OutgoinllS and incomings are with reference to the directional flows 
depicted In fig. J. 
blncluding federal government. 
Production flows 
Two concepts of product value are used in pro-
duction estimates: one is an estimate of total out-
put value, including the cost of raw materials; the 
other is an estimate of gross margins, which excludes 
the cost of raw materials and supplies but not de-
preciation, wages and salaries, and other operating 
expenses. The estimated value of production, there-
fore, involves double counting to the extent that the 
total output value concept is applied to sectors other 
than primary sectors. 
In this study, the total output value concept applies 
only to the agricultural, mining and manufacturing 
sectors and to the establishments in these sec-
tors that ,are located in Iowa. The control totals for 
these sectors have been obtained from the Farm In-
come Situation published by the U.S. Department of 
Agriculture (21), the 1954 U.S. Census of Manufac-
turers (23) and the U.S. Census of Mineral Industries, 
1954 (24). Contrary to the procedures used in the 
corresponding national studies, however, estimates of 
inventory accumulation or depletion were not pre-
pared as a basis for adjusting the reported (producer) 
value of the specified primary outputs. 
The disposition of Iowa production is less readily 
ascertained than its total value. First, household con· 
sumption in Iowa is based on national per-capita es-
timates of the commodities produced in Iow.a, adjus-
ted for income (i.e., the per-capita consumption of 
an industry's output is a function of per-capita dis-
posable income). In this study we assumed identical 
levels of per-capita consumption for Iowa and the 
United States, given income, and expenditure-income 
relationships. The total estimated personal income, 
when adjusted for direct taxes, savings and compet-
itive imports, is a control total for the household ex-
penditure estimates. 
The reported payment of taxes and fees to state, 
local and federal governmental agencies is adjusted 
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to another control total, namely, government pur-
chases. However, competitive imports must be de-
ducted from government purchases to obtain the pur-
chases of Iow.a-produced goods and services by gov-
ernmental agencies. 
Finally, independent estimates of private capital 
formation in Iowa were prepared from data on con-
struction employment and capital expenditures of se-
lected industries. For example, an increase in total 
farm output, despite a decline in farm employment, 
points to increasing productivity in agriculture. The 
latter can occur only because of an increasing rate 
of investment in agriculture. Thus, in agriculture, 
and in other sectors with rising levels of labor pro-
ductivity, private capital fonnation probably exceeds 
the level of capital consumption. In any case, the 
data show that the 1954 capital outlays in Iowa ex-
ceeded the level of capital consumption. 
The value of out-of-state shipments of Iowa-produc-
ed goods and services, which includes purchases in 
Iowa by the federal government, is a residual es-
timate of the production sector. However, the total 
level of imports into the state cannot differ greatly 
from the total level of exports without repercussions 
on the entire Iowa economy. If exports of Iowa-
produced goods and services greatly exceed imports, 
for example, the multiplier eHects of the inflow of 
money or income would lead to increased expendi-
tures and, eventually, to ,an expansion of existing lev-
els of local market-oriented activities. On the other 
hand, a money outflow would accompany a deficit 
balance-of-trade position. 
Outflows from the consumption account occur pri-
mari1y in the form of labor services rendered (which, 
in tum, involve an inflow of income, as in the case 
of the product accounts). In addition, the government 
sector must fulfill certain commitments that involve 
transfer payments from government to households. 
Similadv the state and local government sector ren-
ders a ~~rvice that, in an aggregate sense, is reim-
bursed in the form of tax payments by businesses 
and households and out-of-state transfers to the gov-
ernment sector. 
The capital account is derived from each of the 
remaining four sectors, but primarily from the pro-
duction sector. In the consumption and government 
sectors, the capital account represents personal sav-
ings and governmental surplus, respectively. An out-
flow of capital from the state is represented by the 
negative entry in the out-of-state account. 
The flow of goods into Iowa would be shown as a 
positive entry in the out-of-state account. The out-of-
state transfers of funds from the consumption and 
product accounts also are shown as positive entries. 
Each of the three entries is an approximation based 
primarily on information from surveys conducted in 
other states. 
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Income flows 
The income flows are represented by the column 
entries in table 3 and the "allocation" entries in table 
4. For the production account, the income flows are 
readily ascertained, since they are the estimated pay-
ments to households and government agencies and 
the estimated depreciation reserves and earnings re-
tained in the business. Corresponding entries are 
shown in the consumption and government accounts. 
Payments to the production sector, however, are dif-
ferentiated in terms of consumer expenditures on goods 
and services and government expenditures on pro-
ducers' durable goods. For the capital goods sector, 
only two entries are shown; namely, the gross expend-
itures on producers' durable goods and the net change 
in inventories. Finally, the out-of-state account shows 
income (or inflow, as in the case of the import entry) 
received from out-of-state sources. Thus, the aggre-
gate income flows equal the aggregate product flows 
through the use of the export-import mechanism. 
Elaboration of Production and Income Accounts 
Social accounts are extended further by a series 
of classification converters. These classification con-
verters provide a means of dealing with the sectors 
of the economy in the-various roles they play in pro-
duction, consumption and capital accumulation. 
The expanded social accounting system closely re-
sembles the typical interindustry transactions table. 
The dollar flows of goods and services among sectors. 
move in the same direction as in the input-output 
table. Transactions representing the real, as opposed 
to the financial side of the economy, ,are emphasized 
in the table. The financial side is fully represented 
in the system, but in less detail. 
The schematic layout of the expanded product and 
income accounts, which now comprise 22 individual 
accounts, is presented in table 5. Each additional 
transactions table shows the "origin" and the "des-
tination" of the product or income flows. The inter-
sectoral flows are additive so that marginal totals 
can be obtained to check the accuracy and logical 
consistency of the individual entries. A general dis-
cussion of the individual accounts is presented first; 
this is followed by the presentation of data for the 
Iowa social accounts. The individual accounts in 
table 5 are described as follows: 
1. Industries intermediate purchases, T1.1: The 
entries are the intermediate product flows of 
industry on current account. 
2. Household purchases (classification converter 
for private consumers, T1.2): These entries 
show consumers' purchases by budget group 
according to the industries from which the pur-
chases originate. 
3. Government purchases (classification conver-
ter for government, T1.3): This account shows 
government purchases by function according to 
the industries from which they originate. 
4. Industry purchases of capital goods, T1.5: 
This account shows industries' purchases of new 
plant and equipment by sector of origin. Legal 
fees and other business services used in construc-
tion are spread over the columns in the account 
in proportion to construction. Investment in in-
ventories appears diagonally in this account. 
5. Exports to rest-of-world, T1.7: This account 
shows net out-of-state shipments of the products 
of Iowa industries (exports less competitive im-
ports). 
B. Household purchases, T2.4: This account shows 
households' personal consumption expenditures 
by budget group. 
7. Government purchases, T3.4: This account 
shows government expenditures according to 
function. 
8. Factor payments to institutions, T4.1: Factor 
payments earned in Iowa and indirect taxes are 
treated as costs of production by industry in 
this account. Wages and salary payments, in-
come from self-employment, profits and inter-
est, rental income, and taxes and fees paid to 
government are shown by industry of origin. 
9. Direct household expenditures, T4.2: Direct 
household expenditures for labor and indirect 
taxes. (Taxes not charged directly on conswners' 
expenditures are routed through one of the in-
dustries.) 
10. Direct labor payments of government, T4.3: 
Wages and salaries paid by each function of 
government are shown in this account. 
11. Institutional transfers, T4.4: Self-employment in-
come, profits, interest, rental income, direct 
taxes on business and personal incomes, gov-
ernment transfer payments to individuals, and 
intergovernment payments are shown in this 
account. 
12. Capital conswnption, T5.1: Depreciation of cap-
ital in the producing sectors valued on a re-
placement-cost basis is entered in the main di-
agonal of this account (off-diagonal entries are 
zero). 
13. Net investment by sector, T5.B: The entries in 
this account relate to the finance for net invest-
ment in fixed assets and stocks in the different 
industries. (Stocks have already appeared in the 
main diagonal of a pr.eceding account.) The 
estimates for net investment in fixed assets are 
the excess of gross investment over depreciation. 
14. Institutional saving, TB.4: This account shows 
the savings of business, households and gov-
ernment. 
15. Institutional capital expenditures, TB.B: The en-
tries in this account show expenditures on net 
additions to fixed assets, stocks and financial 
claims by the institutional sectors. 
lB. Capital transfers to rest-of-world, T6.7: This ac-
count contains only one entry, which repre-
sents capital transfers between rest-of-world 
and federal government in Iowa. A negative en-
try indicates federal government transfers of 
capital out of Iowa, net of expenditures with-
in the state. A positive entry would indicate 
capital transfers into federal government in 
Iowa. 
17. Complementary (noncompetitive) imports of 
production, 1'7.1: The entries in this account 
show imports of goods and services used in pro-
duction but not produced in Iowa. 
18. Noncompetitive imports of consumers, T7.2: 
This account shows consumer outlays for goods 
and services not produced in Iowa. 
19. Noncompetitive imports of government, T7.3: 
This account shows government outlays for 
goods and services not produced in Iowa. 
20. Out-of-state transfers, T7.4: This account repre-
sents net income from property paid out-of-
state and other remittances out-of-state by per-
sons. 
21. Net lending to rest-of-world, 17.5: Net lending 
by institutional sectors to the rest-of-world is re-
ported in this account. When all resident sec-
tors of the state on balance save, this corres-
ponds to a net increase in their assets and net 
acquisition of claims upon the rest-of-world. 
22. Rest-of-world trade balance, 17.B: This account 
shows Iowa's balance of trade with the rest of 
the world. 
Estimates of Individual Account Entries 
To facilitate development of the additional accounts 
involved in the expanded social accounting system, 
the 25 interacting sectors of the basic Iowa interin-
Table 5. Location of transaction accounts in expanded input-output system for Iowa. 
Originating 
Sectors 
Current accounts: 
Production 
Production ................ TI.l 
Consumption ..... ........ . .. 
Government ................ .. 
Institutional .............. T4.1 
Capital accounts: 
Production ................ TS.I 
Institutional ............... .. 
Rest-of-world .. . ......... T7.1 
Current accounts 
Consumption Government 
T1.2 T1.3 
T4:i T4'j 
Ti2 Tij 
Destination sectors 
Capital accounts 
Institutional Production Institutional Rest-of-warld 
T1.5 T1.7 
T2.4 
T3.4 
T4.4 
T6:.4 
TS.6 
T6'j T6.6 
T7.4 T7.6 T7.7 
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dustry transactions table (see ref. 12) are aggregated 
into seven sectors for the expanded social account-
ing system. However, the first seven rows and col-
umns in table 6 represent only one account in the ex-
panded system of accounts for Iowa (see table 7). 
Briefly, the estimation procedures for obtaining each 
of the 22 Iowa accounts are: 
1. Industries intermediate purchases: The current 
interindustry transactions of the seven produc-
ing sectors are shown in this account. The gross 
output and gross outlay of these sectors are 
shown as margin totals. 
2. Household purchases: No distinction could be 
made between the households' current and 
capital account expenditures without redefin-
ing and recomputing the underlying income-con-
sumption functions. Hence, this account shows 
total household purchases of goods and services 
by major commodity groups from each of the 
seven producing sectors. The expenditures of 
households for food involved 75.4 million dollars 
from agriculture-the value of food consumed 
on farms-524.7 million dollars from the food 
manufacturing sector and 441.6 million dollars' 
worth of transportation and trade margins con-
nected with the marketing of the food. Also, 
household spent 205 million dollars for food 
items imported into the state. This was made 
up of noncompetitive food items and competi-
tive food items for which local production was 
insufficient to supply the state's entire require-
ments. 
3. Government purchases: The current account of 
government is compar.able to the current ac-
count for households. However, all govern-
ment expenditures are classified in the current 
account because data were not readily avail-
able on capital expenditures. 3 
4. Industry purchases of capital goods: This ac-
count shows the purchases of building materials, 
construction and equipment of the producing 
sectors from those sectors producing capital 
goods. The construction industry, which is in-
cluded in sector 7, is defined on a margin basis; 
hence, the building materials required for capi-
tal replacement and expansion are purchased 
directly from the producing sectors. The con-
struction services-labor, construction and 
equipment services-are purchased from sector 
7. Changes in stocks (inventories) are not consid-
ered in the Iowa model; hence, no entries of 
stocks are made on the main diagonal of this 
submatrix. The producing sector's purchases of 
• The value of the expanded input-output system is evident at this 
point. We can nOW lOOK at the household and government accounts and 
determine the sectors of the economy involved and the degree to which 
they will be stimulated or inhibited by government spending or bouse-
hold expenditures. With the Inverse matrix of the pioduction account. 
the impact of a change in spending by government function can be 
OOIIIputed. 
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capital equipment by sector was the most dif-
ficult matrix of transactions to estimate.' 
5. Exports to rest-of-world: Net exports by pro-
ducing sector are given in this account. Com-
petive imports are not subtracted from ex-
ports but are included with complementary 
(noncompetitive) imports in row 35. 
6. Household purchases: Consumer expendi-
tures by major budget category appear in this 
account. In column 16 of table 10, we see how 
households allocated their personal income 
among personal consumption expenditures by 
budget category, personal income taxes and 
savings. 
7. Government purchases: Government expendi-
ture by level of government and function are 
shown in this account. Columns 18, 19 and 20 
in table 10 show how governments disbursed 
their revenues. 
8. Factor payments to institutions: In this account 
are the factor incomes earned by the five in-
stitutional sectors of the Iowa model. For 
households, row 16 in table 10 shows the sources 
of personal income. Row 17 shows the retained 
earnings of the business sector. Rows 18, 19 and 
20 show the sources of tax revenues of the 
three levels of government from the producing 
industries. 
9. Direct household expenditure: No entries are 
shown in this account since domestic services 
are included in the service sector; thus, they 
are purchased from sector 7. Sales and excise 
taxes are included with trade margins. 
10. Direct labor payments of government: This ac-
count shows the wages and salaries of govern-
ment employers by governmental function. The 
saJaries of personnel in the educational system 
are included with those of the service sector. 
11. Institutional transfers: The interest paid by the 
federal government to households is shown in 
row 16, column 18, table 10. Also shown in this 
ac;count are the income taxes paid by house-
holds to federal and state governments as well 
as intergovernmental payments (e.g., federal 
• If a matrix of capital coefficients had been available, the task would 
. have been one of simple multiplication of gross investment times the 
capital coefficient (which would yield capital flows from sector i to 
sector j). The lack of capital coefficients required tllat the flows be 
estimated directly. This was done by using data on expenditures on new 
plant lind equipment and private purchases of durable equipment by 
type as contained'ln U. S. Income and Output· (22). The use of only 
seven sectors made the task of allocating the estbnated purchases of 
capital equipment by purchasing sector among the producing sectors 
r .. asible. A problem arose in the allocations of capital purchases' among 
the two agricultural sectors, because they are defined on a commodity 
basis. To have allocated the building materials, equipment and construc-
tion services in the proportion that they contributed in tile production 
of livestock or crop agriculture would have been difficult indeed. Thus, 
the simplifying assumption was adopted of allocating half to eacll sector, 
. except in the case of fann macllinery where two-tllirds of the macllinery 
. purchases Were allocated to crop agriculture. A set of capital coeffiCients 
I \Vas computed from this matrix and used in the recursive programming 
mod"l of th" Iowa economy (11). 
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government payments to state and local gov-
ernments for education, highways and other 
services). 
12. Capital consumption: Depreciation charges by 
producing sector are shown as a diagonal mat-
rix in this account. These charges are assessed 
for the purchase of new plant and equipment. 
The splitting of retained earnings and capital 
consumption allowances, which are shown to-
gether in table 6, was done by taking the same 
proportions of retained earnings and deprecia-
tion by sector as was reported for the United 
States in Statistics of Income (26). 
13. Net investment by sector: This account shows 
the net private (positive or negative) invest-
ment by producing sector. Negative investment 
is shown when capital consumption exceeds 
investment in new plant and equipment. 
14. Institutional saving: This account shows the net 
savings of the institutional sectors. The federal 
government shows net savings in Iowa because 
part of the federal government expenditures in 
Iowa could not be determined. The remaining 
part of federal government expenditures is as-
sumed to have been included in the export sec-
tor. 
15. Institutional capital expenditures: The finan-
cial transactions in this account show the source 
of funds from the savings of the institutional 
sectors for the purchase of net private invest-
ment. Net private investment was estimated to 
be 89.1 million dollars, with 46.1 million dollars 
financed from the retained earnings of the busi-
ness sector and with borrowings of 43 million 
dollars (i.e., negative acquisition of claims). 
Actual financial transactions occurring in this 
account were not readily available. The model 
presents, however, the idea of how financial 
transactions are brought into the system in a 
meaningful way. 
16. Capital transfers to rest-of-world: This account 
shows net federal government capital transfers 
out-of-state. The negative entry indicates that 
federal government transferred 156.8 million 
dollars out of Iowa, net of expenditures with-
in the state. However, not all federal govern-
ment purchases and subsidies within the state 
are shown explicitly. This account provides a 
Table 8. DispOSition of specified goods and services to household current accounts, T1.2, T4.2 and T7.2, Iowa, 1954. 
Originating 
sector 
I. Livestock agriculture .. . ......... . 
2. Crops & other agriculture ...... ',. 
3. Food manufacturing ., .. ,.'., .... . 
5. Other mfg. & mining .' ... ,..... .. 
6. Regulated industries ....... ,. . .. 
7. Trade, services & canst. . .......... . 
36. Imports--<:onsumption ............ . 
Total 
Food 
8 
50.4 
25.0 
524.7 
'4'6.9 
394.7 
205.0 
1,246.7 
Durobles 
and 
nondurables 
9 
290.4 
44.5 
405.2 
426.1 
1,166.2 
Transportation 
and utilities 
10 
f63.5 
16.1 
179.6 
Trodeand 
services 
11 
l,I·21·.8 
U2f.s 
Table 9. Disposition of specified goods and services to govemment current accounts, T1.3, T4.3 and T7.3, Iowa, 1954. 
Originating 
sector Education 
12 
I. Livestock agricultUre ............. . 
2. Crops & other agriculture ......... . 
3. Food manufacturing .... ' ........ . 
4. Farm machinery mfg. . ........... . 
5. Other mfg. & mining ............. . 
6. Regulated industries .............. 2'2'0'.4' 
7. Trade, services & canst. . ......... . 
17. Business .. . ... , ............... . 
35. Imports-production .............. 22'0'.4' 
Total ' ... ' ............ , .. 
Highways 
13 
1.4 
33.9 
1.1 
27.5 
27.8 
42.4 
134.1 
Social 
services 
14 
2.5 
0.8 
6.5 
'13.7 
2.3 
17.1 
22.5 
19.5 
84.9 
Other 
government 
services 
15 
. ·f.o 
38.6 
27.4 
34.5 
328.1 
29.9 
459.5 
TobIe 10. Disposition of specified goods and services to Institutional current accounts, T2.4, T3.4, T4.4, T6.4 and T7.4, 
Iowa, 1954. 
Originating 
sector 
8. Food ............ ' 
9. Durable. & nondurables ........... . 
10. Transportation & utilities .... ,... .. 
II. Trade and services ............... . 
12. Education ............ , .......... . 
13. Highways ....................... . 
14. Social services ................... . 
15. Other government services ......... . 
16. Households ., ....... '.' .......... . 
18. Federal government .............. , 
19. State government ................. . 
20. Lacal government ................ . 
32. Federal government ............... . 
33. State government ................ . 
34. Local government ................ . 
Total .. ' ... , ....... , ....... . 
814 
Households 
16 
1,246.7 
1,166.2 
179.6 
1,121.8 
3is.o 
20.9 
3S·0.8 
4,494.0 
Business 
17 
Federal 
18 
353.3 
49.9 
'4'6.5 
2.3 
Government 
State 
19 
'38',2 
57.6 
61.3 
19.9 
"92.i 
269'.i 
Local 
20 
1'82.2 
76.5 
23.6 
86.3 
W.9 
38".5 
Table 11. Disposition of specified goods and services to production capital account, Tl.5, Iowa, 1954. 
Agriculture Manufacturing Services 
Originating Crops and Farm Regulated 
sector Live .. tock other Food machinery Other industries Other 
21 22 23 24 25 26 27 
2. Crops & ather agriculture 0.5 0.5 
. '0.2 4. Form machinery mfg. .. 34.4 68.8 
5. Other m~. & mining ....... .. 17.8 17.8 8.7 4.9 22.5 35.5 102.8 
6. Regulate indu,tries ...... 
3.2 
16.3 
7. Trae'e, !ervices & canst. 3.2 2.5 1.4 6.3 41.4 119.9 
35. Imports-production 14.7 14.7 7.6 4.3 19.5 46.3 123.5 
Total 70.6 105.0 18.8 10.6 48.3 139.5 346.4 
Table 12. Disposition of specified goods and services to institutional capital accounts, T5.6, T6.6 and T7.6, Iowa, 1954. 
Originating 
sector 
21. Livestock agriculture 
22. Crops & other agriculture ....... . 
23. Food manufacturing . . . . .. . . 
24. Form machinery mfg. .. . ...... . 
25. Other mfg. & mining ......... . 
26. Regulated industries . . . . .. . ... . 
27. Trade, services & canst. . ......... . 
28. Net private investment ........... . 
29. Net acquisition of claims 
37. Imports--occumulation ......... .. 
Total 
Net 
private 
investment 
28 
47.1 
26.5 
-27.6 
3.6 
26.1 
41.1 
106.7 
223.5 
Net 
acquisition 
of c:aims 
29 
337.8 
337.8 
Households 
30 
380'.8 
380.8 
Business 
31 
89. i 
-43.0 
·i6·.i 
Table 13. Disposition of specified goods and services to rest-of-world accounts, Tl.7, T6.7 and T7.7, Iowa, 1954. 
Originating 
sector 
Production 
35 
Consumption 
36 
Accumulation 
37 
All accounts 
total 
I. Livestock agriculture . 
2. Crops & other agriculture .... . 
3. Food manufacturing ........ . 
4. Form mochinery mfg. . ....... . 
5. Other mfg. & mining ...... . .. 
6. Regulated industries . . . .. . .. 
7. Trade, ,ervices & canst. .... . 
32. federal government ......... . 
36. Imports--<:onsumption 
Total 
736.0 
171.5 
1,043.3 
103.1 
3.9 
81.8 
199.9 
-491.9 
1,847.7 
means whereby a surplus in the federal govern-
ment capital account in Iowa can be transfer-
red out-of-state. It also provides a means of 
bringing in capital to support federal govern-
ment spending in Iowa if spending is greater 
than revenues in Iowa. 
17, 18.and 19. Imports from the rest-of-world: Row 
35 shows the total imports for each sector. Im-
ports are defined in this model as consisting of 
both competitive and noncompetitive goods, 
20. Out-of-state transfers: No information was 
available on net tr.ansfers between the institu-
tional sectors and the rest-of-world, hence this 
account contains no entries. 
21. Net lending to rest-of-world: This account 
shows net lending by Iowa to rest-of-world of 
337.8 million dollars. Because resident sectors 
of the state on balance had net savings, this 
corresponded to a net increase in their assets 
and net acquisition of claims (net lending to 
rest-of-world) . 
22. Rest-of-world trade balance: This account 
shows the rest-of-world balance of trade with 
Iowa. Iowa's favorable balance of trade of 
491.9 million dollars is indicated by a negative 
import from the rest-of-world in row 35, column 
34, table 13. The column and row totals for the 
rest-of-world account do not balance because of 
-156.8 
-156.8 
2,100.8 
1,352.7 
1,929.1 
235.4 
1,244.2 
778.7 
3,605.9 
o 
-491.9 
the nature of the entries required to close the 
system of accounts. 
REGIONAL DEVELOPMENT MODEL 
The second contribution of this study is the formu-
lation and presentation of a regional development 
model. This model is based on the Iowa social ac-
counts. It is used to generate a series of population, 
income and output variables in the context of state 
economic growth and development. Because of the 
complexity of the development process, however, the 
computer programming procedures that make the 
model operational are confined to simulation tech-
niques (13). 
Economic Growth and Development Processes 
In preparing the economic model and the pro-
gramming procedures, we have had the benefit of 
some empirical data and a variety of economic con-
siderations pertaining to economic growth and devel-
opment which include, first, the investment process 
itseH .and the interactions between demand, tech-
nology and output; second, the production and income 
flows of an economy; and third, the interdependence 
of rural and urban activities. This classification of 
relevant theories and techniques, of course, is im-
815 
portant in formulating the basic economic problem 
(17). 
First, the recent formulations of production theory 
in which output growth is represented as a function 
of both capital ,accumulation and technical progress 
and of labor are highly useful for this analysis (4, 16). 
Technical progress is embodied in the concept of 
increasing labor productivity while the incremental 
capital-output ratio is maintained at a given level. 
Thus, an increase in total physical capital is viewed 
as making possible an increase in output, but the 
impact of this increase on the required labor force 
depends on the changing levels of labor productivity. 
For a given market demand, however, an imbalance 
in the levels of the two primary inputs results in ex-
cess capacity or unemployment. When both labor and 
capital are in excess supply, an increase in area out-
put is limited by the levels of market demand. 
Local demand is viewed, also, as a function of local 
population and income; the latter is a function of the 
gross local output. Export demand, however, depends 
on an additional factor; namely, the share of the total 
national market accounted for by the given local in-
dustry. Whether or not the market share is increasing 
depends on relative production costs and accessibility 
to national markets (15). 
Reducing production costs and finding new market 
outlets involves both private and public investment, 
the latter providing the social overhead capital in 
such forms as education, highways and research. 
Private investment involves two kinds of capital 
expenditures-replacement investment and induced 
investment. Replacement investment is financed by 
capital consumption allowances. However, for some 
industries with large incremental capital-output ratios 
and substantial growth in market demand, the supply 
of internal financing (i.e., income from capital con~ 
sumption allowances and retained bU!liness earnings) 
may be inadequate to cover needed capital expendi-
tures. For these industries, financing may be obtained 
from outside the area, provided the rate of return is 
adequate to attract the risk capital. In our model, the 
marginal productivity concept is "embodied" in the 
projected levels of market demand. The rate of return 
on capital in ,a growth industry presumably is ade-
quate to induce capital movements into the industry. 
The economic model thus involves elements of sev-
eral theories of business growth in a local context. To 
show the social significance of private investment de-
cisions, or the private business impacts of governmen-
tal decisions, a system of income and product accounts 
has been incorporated into the model. 
The Simulation Model 
The computable model of state development rela-
tionships and processes is formulated around the basic 
Leontief input-output equation, 
816 
x = AX + Z, (1.1) 
where 
X = vector of sector outputs; 
Z = vector of sector final demands; 
A = matrix of interindustry flow coefficients. 
Output is expressed as a function of final demand; i.e., 
X = BZ, (1.2) 
where 
B = (I-A)-1, or the inverse of the Leontief matrix. 
A more complete model can be developed by 
adding matrix equations. For example, if part of final 
demand is explained by output in the preceding year, 
then the dependence on the exogenous factors is de-
creased, and the model is more self-contained. Intro-
ducing additional relationships thus increases the 
explanatory value of the model. 
The basic equations in the formal model will be 
presented first. The components of these equations 
(namely, the coefficients and variables) are identified 
in tables 14, 15 and 16. In table 14 are the coefficient 
matrices, which are represented by the capital letter 
A. Vectors of variables are listed in table 15. Finally, 
in table 16 are the scalar numbers, denoted by the 
small letter a, and other variables, also denoted by 
small letters, plus other constants not included in 
table 14 or table 15. The subscript t is time in years. 
Basic equations ' 
The first equation in the model relates the capacity 
of plant and equipment to the capacity of the previous 
year: 
XtK = XKt_1 + (At}-1(lt_1 - A2Kt). (2.1) 
Thus, capacity in year t is made up of two compo-
nents, the capacity in year t-l, and the additions to 
capacity during year t-l. A certain amount of capital 
is needed to replace old plant and equipment, which 
is accounted for by the term A2Kt. The remainder of 
gross investment, (It-1 - A2Kt), is new plant and 
equipment; i.e., additions to capacity. 
Investment decisions are influenced by the avail-
able capacity. capital stock and demand. as shown by 
the equation, 
It = A2Kt + A1 (Aa)2XDt_1 - A4XKt • (2.2) 
It is assumed that there is some ratio less than or 
equal to one which the businessman wishes to main-
tain between the output of a firm and its capacity. It 
is assumed, also, that businessmen have some expecta-
tion concerning the rote of growth in the demand for 
their firms' output. Thus, investment in any sector is 
made up of two components, the replacement of old 
plant and equipment, and new plant and equipment. 
The term A2Kt is replacement investment, whereas 
investment in new plant and equipment is viewed as 
a function of the imbalance between present capacity 
and the capacity anticipated for the follOwing year. 
Accordingly, the term A1 (As)2XDt_1 is an estimate of 
the capacity needed to fulfill demand in year t + 1, 
Table 14. Coefficient matrices in area development model. 
MatrIx 
symbol 
A. 
A. 
A. 
A. 
A. 
Ar 
A. 
A. 
A11 
Au 
Au 
Au 
Au 
Au 
AIr 
A .. 
A .. 
Description 
Diagonal matrix of incremental capital-output ratios' or 
when given as the inverse of A, a diagonal matrix of' out~ 
put capital ratios. 
Diagonal matrix of depreciation ratios. 
Diagonal matrix with elements being one plus the anticipated 
ra.te of growth. In demand for th«; specified sector's output. 
DIagonal matrix of output-capaclty ratIos that businessmen 
try to maintain. 
DIagonal matrix with elements being the maximum amount 
of investment per unit of capital stock. 
Column vector of parameters where the coefficients are the 
proportion of total household expenditures spent for specified 
outputs. 
Matrix of capital input-output ratios where the element in 
the i-th row and j-th column is the proportion of sector j's capital purchases from sector I. 
Diagonal matrix with elements being one plus the sector's 
export demand growth rate. 
Column vector of parameters where the coefficients express 
the relationship between state and lcical tax collections In 
year t-l and state and local government expenditures in 
year t. 
Column vector of parameters where the i-th coefficIent is 
the proportion of federal expenditures for the output of 
sector i. 
Inverse matrix (I_A)-l where A is the matrix of interindustry 
flow coefficients. 
Diagonal matrix with elements being the equilibrium labor 
force-employment ratios. 
Diagonal matrix with elements being one plus the growth 
rates in employment. 
Diagonal matrix representing lower bonds on percentage 
change in labor force. ' 
Diagonal matrix representing upper bounds on percentage 
change in labor force. 
DIagonal matrix of output labor ratios in year O. 
Diagonal matrix with elements being one plus the annual 
rate of growth in the corresponding output labor ratios. 
Diagonal matrix with the I-th diagonal element being the 
ratio of value added to output in sector i. 
Diagonal matrix of state and local tax receipts per unit of 
output. . 
Diagonal matrix of state and local tax receipts per unit of 
capital stock at beginning of period. 
Diagonal matrix of federal tax receipts per unit of output. 
Diagonal matrix of federal tax receipts per unit of capital 
stock at beginning of period. 
Diagonal matrix with L-th element being the wage rate in 
the I-th Industry in year O. 
Diagonal matrix of growth rates in wages by sector. 
Diagonal matrix with c-th element being the ratio of autono-
mous retained earnings to value added in i-th sector. 
Diagonal matrix with i-th element being the proportion of 
unallocated value added which is allocated to business saving 
in sector i. . 
Diagonal matrix with i-th element being the ratio of imports 
to output for sector i. 
Diagonal matrix in which the i-th element is the population-
labor ratio for sector i in the first year of the simulation. 
Diagonal matrix with i-th element beinQ one plus the rate of 
growth in the corresponding element In A.o. 
while A4XKt is the capacity that businessmen consider 
adequate for year t. The difference between these two 
terms will be the investment in new plant and equip-
ment. 
In the first 4 years of the simulation, the matrix As 
is given. However, beginning with the fifth year, the 
coefficients are recomputed for each year. Each diago-
nal element is computed as an average of 1 plus the 
rate of growth in output demanded in the previous 4 
years. 
The value of It is bounded, as shown by the form, 
A!!KtLItLA5Kt • (2.3) 
The upper boundary coefficients in the A5 matrix 
represent certain financial and technical constraints 
that limit the rate of growth of capital stock. The lower 
bound, A2Kt, indicates that a sector's capacity is not 
allowed to decrease. Gross inveshnent must he enough 
to at least replace depreciated plant and equipment. 
The third major equation relates household, or con-
sumption, expenditure to lagged disposable income by 
the form, 
Table 15. Vectors of variables In area development model. 
Symbol 
X,K 
X,D 
x,to 
X.R 
V, 
It 
K. 
Z, 
L. 
L,E 
G,S 
G.F 
C, 
5, R 
V.R 
Description 
Capacity of plant and equipment, t-th year. 
Output demanded, t-th year. 
Maximum outputs with a given labor farce L" t-th year. 
Realized output, t-th year. 
Value added, t-th year. 
Gross investment, t-th year. 
Capital stock, beginning of t-th year. 
Final demands, t-th year. 
Labor force, t-th year. 
Employment, t-th year. 
State and local tax collectIons, t-th year. 
Federal tax collections, t-th year. 
Unallocated value added, t-th year. 
Business savings, t-th year. 
Personal income receIved from business, t-th year. 
Table 16. Scalar numbers and variables In area development 
model. 
Symbol 
01 
02 
aa 
a, 
o. 
a. 
a. 
a. 
a. 
01" 
all 
e, 
m, 
P, 
por 
E. 
f. 
%1 
h 
hE 
Description 
Desired ratio of expenditure to current disposable income. 
One plus the expected rate of growth In disposable income. 
Lag coefficient. 
One plus the annual rate of growth In federal expenditures. 
Coefficient relating state and local payments to households to 
lagged state and local taxes. 
Proportion of federal expenditures paid to households. 
Ratio of state and local personal taxes to personal income. 
Federal personal income tax rate. 
One plus the rate of growth of Poco 
Labor-population ratio for governmental employment. 
Coefficient relating state and local government wage and salary 
payments to lagged state and local taxes. 
Proportion of federal expenditures paid as wages and salarIes. 
Total household expenditures, t-th year. 
State and local tax collections, t-th year. 
Total federal tax collections, t-th year. 
Total personal savings, t-th year. 
Total savings, t-th year. 
Gross area product. t-th year. 
Net area product, t-th year. 
Total personal income, t-th year. 
DIsposable income (i.e., personal income minus state, local and 
federal personal taxes), t-th year. 
Total exports, t-th year. 
Total imports, t-th year. 
Total population, t-th year. 
Total population associated with government employment, base 
year. 
Vector of export demands in year O. 
Federal government expendItures in year O. 
Fourteenth element of the vector Z,. 
Total labor force. 
Total employment. 
ht = ala2(Yt_dD • (2.4) 
Consumers expect to receive current disposable in-
come of a2(Yt_dD • A portion, aIo of this will he spent. 
The remaining portion, 1 - at, will be saved. In the 
application of the model, the scalar quantity, a2, is 
computed, beginning with the fifth year, as the aver-
age of 1 plus the growth rate of ~posable income in 
the previous 4 years. 
If the computed expenditures are less than expendi-
ttues in the previous year (i.e., ht<ht-1 ), the value of 
ht is increased by a portion of the difference. The new 
value of ht then becomes, 
h t + a3(ht.1 - h t ), O<a3<1. (2.5) 
This restriction has the effect of dampening excessive 
Huctuations in ht. 
Total final demand is computed next by using the 
form, 
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Zt = Aoht + ArIt + (As)tEo + A9 t t-1 + A10 (a4)tfo' 
(2.6) 
In equation 2.6, the column vector of parameters Ao is 
updated each year by assigning certain growth rates 
to the coefficients. The coefficients are normalized so 
that the sum of the elements equals one. 
Final demand consists of five parts: household de-
mand, capital goods demand, export demand, state 
and local government demand and federal govern-
ment demand. Export demand and federal govern-
ment demand are simply functions of time. Household 
demand is a function of total household expenditures, 
determined by equation 2.4. The demand for capital 
goods is determined by the amount of investment in 
the economy, which in turn is determined by equa-
tion 2.2. State and local expenditures are a function of 
lagged tax collections. 
The final demand vector is made up of 14 elements 
-the 13 domestic sectors and one import sector.5 Part 
of household purchases, part of capital goods pur-
chases and part of state, local and federal government 
purchases are made from the import sector. The 
fourteenth element of Zt, the final demand for im-
ports, is denoted by Zt. Given the final demand vector, 
the input-output equation is used to calculate the 
demand for sector outputs in the equation, 
XtD = AuZ t • (2.7) 
The vector Zt in this case is only a 13-element vector; 
it does not include the import sector. 
The available labor resources by sector are calcu-
lated by using the form, 
Lt = A12A13(Lt_dE. (2.8) 
Beginning with the fifth year of the simulation, the 
growth rates are computed each year as the average 
of the 4 previous years' rates. Thus, the labor force in 
a sector is determined by the projected employment, 
Al3 (Lt-d E; it is adjusted to allow for normal levels 
of unemployment by the matrix A12• 
Upper and lower bounds, 
A14Lt_1 LLt::::;;A15Ltol, (2.9) 
are placed on the labor force. These bounds reBect 
institutional restrictions on the percentage change in 
the labor force from year to year. Thus, with a limited 
labor force, there is a corresponding upper bound to 
output, as given by the expression, 
XtL = AI6 (A17 )tLt. (2.10) 
Labor force productivity increases at a constant 
rate. This is a principal source of economic change in 
this model; as annual output per worker increases, 
income per capita tends to increase. Realized output 
is the minimum of output demanded, maximum out-
put of the labor force, and maximum output allowed 
by plant and equipment capacity. Hence, 
XtR = minimum of (XtK, XtL, XtD). (2.11) 
Thus, the actual, or realized, output of a sector will 
"In the computer model, the 7 sectors presented in table 2 are ex-
panded into 13 sectors by a breakdown of the food manufacturing 
sector into 2 subsectors, the other manufacturing sector into 2 sub-
sectors, and the residual service sector into 4 subsectors. 
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be the output demanded, unless the labor force and 
the capacity of plant and equipment are too small to 
produce the output demanded. That is, for each 
sector, the minimum is selected of the sector's ele-
ments in the three vectors, XtK, XtL and XP. 
Employment is a function of realized output in the 
equation, 
LtE = [AIO(A17 )t]-IXtR. (2.12) 
Employment, therefore, equals output times the labor 
output ratio, which follows directly from equation 
2.10. 
Capital stock at the beginning of year t+l (or end 
of year t) is, 
Kt+l = Kt + It - A2Kt. (2.13) 
Capital stock equals capital stock in the previous year 
plus net investment. 
Value added in each sector is a constant proportion 
of output; i.e., 
Vt = A1SXtR. (2.14) 
State and local tax collections from business are a 
function of output and capital stock; i.e., 
Gts = AI~XtR + A20Kt. (2.15) 
Federal tax collections from business are deter-
mined by the function, 
Gl = A21XtR + A22Kt • (2.16) 
Finally, total value added is divided into several 
components. Remember that part of total value added 
has already been allocated to specific uses (e.g., wages 
and taxes). The remaining, unallocated portion of 
value added is, therefore, 
Ct = V t-AzKt-A2B (A24 ) tLtE_GtS_GtF -A25XtR. 
(2.17) 
Unallocated value added is found by subtracting, from 
total value added: (a) depreciation allowances, A2Kt; 
(b) wage and salary payments, A23 (Au) tLtE; (c) 
state and local taxes, Gts; (d) federal taxes, Gl; and 
( e) autonomous retained earnings, A25XtR. Autono-
mous retained earnings are a minimum amount of 
earnings retained. Finally, the unallocated portion of 
value added is divided between two uses; namely, 
dividends and proprietorial income and additional 
business savings (i.e., savings in addition to deprecia-
tion allowances and autonomous retained earnings). 
A matrix, A20, is computed to divide the unallocated 
value added between the two alternative uses. The 
diagonal matrix is computed by the equation, 
A20 = [(It - A2Kt)I] [(I t )I]-I. (2.18) 
In this equation, 1 is the identity matrix and (It -
A2Kt ) is the vector of net investment. Thus, the i-th 
diagonal element of A2tl is the ratio of net investment 
to gross investment in the i-th sector. If gross invest-
ment is made up entirely of the replacement of old 
plant and equipment, then net investment is zero 
and the corresponding element of A26 is zero. If ne~ 
additions to a sector's capacity are large, then net 
investment is a large proportion of gross investment , 
and the corresponding element of A26 will be close to 
one.o 
After the matrix, A26, has been computed, total 
business savings are calculated by using the equation, 
StB = A2Kt + A25Xl!. + A26Ct, (2.19) 
which shows a sector's total savings as composed of 
depreciation allowances, A2Kt ; autonomous retained 
earnings, A2GXtR; and induced retained earnings, 
A 20Ct • 
Personal income derived from the business sectors 
is computed with the form, 
YtB = A23(A24)tLtE + (1 - A26 )Ct , (2.20) 
which shows personal income payments from any 
sector as composed of wage and salary payments, 
A23 (A24 ) tLtE; and dividends and proprietorial in-
come, (I - A20 ) Ct. 
Total personal income can be computed by using 
the equation, 
YtP = iYtB + a5tt_l + (ao) (a4)tfo. (2.21) 
In equation 2.21, i is a unit row vector. Premultiplying 
a column vector by the row vector i has the effect of 
adding the elements of the column vector. Thus, total 
personal income is the sum of total personal income 
received from business, iYtB; personal income received 
from state and local governments, as\-l; and personal 
income received from the federal government, 
(as) (a4)tfo. 
State and local taxes are given by the form 
tt = iGts + a7yl. (2.22), 
State and local taxes are made up of business taxes, 
iGts, and taxes on households, a7yl. 
The last of the major equations, 
YtD = (1 - a7 - as)yl, (2.23) 
yields an estimate of disposable income. Disposable 
income is equivalent to personal income minus state 
and local personal taxes and federal personal taxes. 
The 23 basic equatiOns form a complete recursive 
system. Given the initial values of the exogenous 
variables, the values of the endogenous variables are 
derived as functions of time, lagged endogenous vari-
ables and current endogenous variables calculated 
earlier in the sequence of equations. 
AUXiliary equations 
The 23 basic equations constitute a complete set of 
equations; however, the auxiliary equations provide 
useful information about the functioning of the model 
(and, consequently, the economy represented by the 
model). 
First among the. auxiliary equations are the exports 
and imports of the given economy. Exports are esti-
mated by the equation, 
et = i(As)tEo - i(XtD - XtR). (3.1) 
• In the simulation runs, A.B was computed with equation 2.1S except 
for the elements corresponding to sectors I, 2 and 11; the latter elements 
were set equal to zero. 
Total export demand is given by i(As)tEo. However, 
realized exports are reduced by the difference be-
tween realized output and output demanded; i.e., 
i(XtD - XtR). If realized output equals output de-
manded, then realized exports equal exports de-
manded. Thus, the implicit assumption is that all 
other components of final demand will be satisfied 
first. Exports will be reduced by the difference, if any, 
between realized output and output demanded. 
Total imports are the total of imports by the busi-
ness sectors for further processing and resale, 
iA27X tR , and imports for final demand, Zt. Thus, 
mt = iA27Xt R + Zt. (3.2) 
Total federal tax collections tl are given by, 
tl = iGl + asyl. (3.3) 
Federal tax collections are composed, therefore, of 
tax collections from the business sectors, iGtF, and 
from households, asyl. 
Personal savings, sl, equals personal income minus 
household expendihtres for goods and services, state 
and local taxes, and federal taxes, as shown by the 
equation, 
StP = YtP - h t - a7yl - asyl. (3.4) 
Gross social product, XtG, and net social product, 
XtN , measure the output of the state's economy; i.e., 
XtG = i\\ + alltt_l + a12 (a4) tfo (3.5) 
and 
XtN = XtG - iA2Kt • (3.6) 
Gross product is the summation of value added over 
all private business sectors, iV t, plus state and local 
government wage and salary payments, antt-l, and 
federal government wage and salary payments, 
a12(a4)tfo. Net product is gross product minus the 
sum of depreciation allowances over all sectors. 
Total population is represented by the fonn, 
Pt = iA2s(A20)tLt + pog(ao)t. (3.7) 
Total population thus equals population associated 
with nongovernmental employment, iA2S (A20 ) tLt, and 
population associated with governmental employment, 
Pog( ao )t. 
The total labor force, It, is, 
It = iLt + alOPog(aO)t. (3.8) 
The labor force associated with business is iLt. and 
the government labor force is alopog(ao)t. 
Similarly, total employment, ItE, is given by the 
equation, 
ItE = iLtE + alopog(ao)t. (3.9) 
It is assumed that the labor force associated with 
government is equal to employment in government. 
Total savings in the economy, s, is the sum of busi-
ness savings, iStB, and personal savings, Stp • Thus, 
s = iStB + Stp. (3.10) 
Ordering of variables 
The system of equations representing the area 
economic model is arranged as a recursive sequence 
( 20). Altogether, 23 basic equations and 10 auxiliary 
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2.1 2.2 2.10 2.6 2.13 2.7 
Fig. 2. Causal ordering of variables in the economic model. 
equations make up a chain of events from capital 
consumption and labor utilization to the disposition 
of the business income among its claimants-house-
holds, government .and business. Of the 33 major and 
auxiliary equations, 17 are dis aggregated into 13 sub-
equations-one for each of the 13 (rather than 7, as in 
table 6) interacting sectors of the Iowa economy. 
Also, one equation, 2.6, is dis aggregated into 14 sub-
equations. Thus, 250 diHerent equations are repre-
sented in the computer model. 
A How diagram of the structure of the economic 
model is presented in fig. 2. The exogenous and lagged 
endogenous variables are of order zero and appear in 
the first column. The current endogenous variables 
are enclosed in rectangular boxes, and the exogenous 
and lagged endogenous variables are enclosed in 
circles. Variables of order one are dependent upon 
variables of order zero. Variables of order two depend 
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2.11 2.12 2.14 
2.15 2.16 
2.17 2.19 2.20 2.21 2.22 2.23 
upon variables of order zero or one, or both. In gen-
eral, variables of any order greater than one may be 
dependent upon only those variables of a lower 
order. Thus, according to fig. 2, the values of nine 
series of variables are needed, first, to obtain the 
values of all subsequent series of variables for the 
given year. In the simulation process, the outputs of 
year (t) become the inputs of year (t+1). 
The model can be divided into two parts linked 
together by the flfth-order equation 2.11. The equa-
tions of orders one through four are mainly concerned 
with determining the level of production, while equa-
tions of orders six through 10 are mainly concerned 
with the distribution of income created in the produc-
tion process. 
The level of production depends upon the demand 
and the productive capacity of the economy. Demand 
is made up of five components, two of which (exports 
and federal government demand) are exogenously 
determined. Two components, household and state 
and local government demands, are determined by 
lagged endogenous variables. The final component of 
demand, investment, is a function of two lagged en-
dogenous variables and one current endogenous vari-
able~ 
The productive capacity of the economy is limited 
by the amount of labor available, which is function-
aJ]y related to employment in the previous year. 
Productive capacity is also limited by the capacity of 
plant and equipment, which is equal to the capacity 
in the previous year plus net additions to capacity 
(gross investment minus depreciation). 
Final demand is translated into output demanded by 
means of the input-output matrix Au. The actual 
level of production is equal to output demanded if the 
two capacity restraints are not binding. 
Value added is denned as production minus inter-
industry purchases and imports by the business sec-
tors. Thus, the second part of the model serves to 
divide value added into four categories: payments to 
the federal government, payments to state and local 
governments, payments to households, and business 
savings. The nrst two categories, payments to govern-
mental units, are determined directly as functions of 
the level of production and the amount of capital 
stock. Part of payments to households, wages and 
salaries, is determined by employment, which is a 
function of the level of production. 
After payments to government and labor are de-
ducted, the remaining portion of value added is pay-
ment for the services of capital. Part of the returns 
to capital are retained in the business sector as depre-
ciation allowances and autonomous retained earnings. 
The remainder, unallocated value added, is divided 
between payments to households and additional busi-
ness savings. The matrix A26 (not shown in ng. 2) 
is used to make this allocation. If a large amount of 
investment is made, more money is retained within 
the business sector; but if a small amount of invest-
ment is made, a larger share of unallocated value 
added is paid to the household sector. 
Finally, household income is augmented by pay-
ments from governmental units. Federal government 
payments are a fIxed share of total federal expendi-
tures, which is determined exogenously. Similarly, 
state and local government payments to households 
are a fIxed share of total state and local government 
expenditures, which is determined by lagged tax col-
lections. 
Empirical Results 
The multiple-sector recursive system of equations 
was constructed as a simulation model. A solution of 
the model is a set of time series of the endogenous 
v.ariables. By formulating the model in the FORTRAN 
computer language, it is possible to conduct experi-
ments or simulations on the model at a relatively low 
cost., 
Several simulation runs were performed over the 
1954-74 period. One of these runs, referred to as the 
"benchmark run," generated a set of time series which 
closely resembles the actual time series for 1954-62. 
The time series for the years 1963-74 were generated 
under the assumption that all parameters (including 
various growth rates) remained the same throughout 
the simulation. 
Benchmark data 
We hun, nrst, to the 1954 Iowa interindustry trans-
actions table (see tables 7 through 13). In these tables, 
several of the sectors in the 7 -sector model in table 2 
have been expanded as mentioned earlier. It should 
be noted, also, that government receipts, capital con-
sumption and imports are not balanced with the cor-
responding nnal demands (i.e., government purchases, 
capital formation and exports, respectively). 
The technical coefficients matrix, which shows the 
value of goods and services purchased per $1 of gross 
output, can be derived from the data in table 17 and 
18. However, the inverse matrix, rather than the tech-
nical coefficients matrix, presented in table 19. This 
matrix shows the direct and indirect output effects of 
a $1 change in final demand. For example, a $1 in-
crease in the nnal demand for livestock requires a 
$1.13 increase in livestock gross output-which is the 
direct effect-and a $0.91 increase in the gross output 
of all other sectors-which is the indirect effect. The 
total effect is given, also, which, in the case of the 
meat animal sector, is $2.04 per $1 change in nnal 
demand for livestock. 
An examination of the coefficients in table 19 shows 
the meat products sector as having the largest multi-
plier coefficient. An increase in meat products output, 
however, is contingent on (a) ,an increase in livestock 
output and (b) an increase in the proportion of total 
national livestock production slaughtered in Iowa. 
The production implications of the multiplier coeffi-
cients will vary, therefore, depending upon the loca-
tion orientation of the specified economic activity. 
The coefficients 
The capital input-output coefficients used in this 
study are summarized in table 20. For the most part, 
U.S. Department of Commerce data reported in U.S. 
Income and Output (22) and the Census of Manu-
facturers (23) were used in preparing the capital-out-
put coefficients for the Iowa sectors. According to 
these estimates, the livestock sector, for example, 
purchases $0.0078 per $1 of total capital purchases 
from sector 2, which is made up of crops and other 
agricultural outputs. 
1 One simulation run takes about 2 minutes on an IBM 7074 at a cost 
of 82.50 per minute. Thus. severnl simuJa:ion runS can be made on a 
re alively small budget. 
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to Table 17. Total purchases of intermediate demand sectors, in thousand dollars, Iowa, 1954. 
Other food Wholesale Finance, 
Crops and Other Other and real Originating and Meat kindred non- Farm Other durable Regulated retail estate and Other con-
sectors Livestock other products products durables machinery machinery goods industries trade in~urance services struction 
1 2 3 4 5 6 7 8 9 10 11 12 13 
Agriculture: 
1. Livestock 211,804 976,244 118,394 221 80 3,468 1,682 
2. Crops and oth';r~· 824,842 144,114 123,054 58,668 44 443 446 1,659 606 495 
Manufacturing: 
3. Meat products 
4. Other food and 
64,121 4,749 3,432 109 557 257 5,221 2,383 
kindred prod. . .... 129,658 9,337 7,695 100,413 10,688 
3,603 
13 357 2,158 10,921 2,385 6 
5. Other nondurables ..... 8,022 39,954 13,706 18,525 118,432 6,967 20,266 15,584 11,938 20,771 49,727 4,737 
6. Farm machinery ...... 1,409 3,830 22 4 39 16,041 3,961 450 124 142 438 94 
7. Other machinery ...... 12 153 3,981 1,428 2,345 22,790 44,934 10,369 3,572 1,862 1,918 6,325 4,913 
8. Other durables ..... 2,448 7,368 7,826 4,595 4,347 21,936 26,005 59,538 10,530 9,051 9,559 23,295 28,432 
Services: 
9. Regulated industries 
10. Wholesale and 
69,950 27,153 22,632 24,270 14,945 5,949 5,943 21,901 48,934 30,112 84,171 31,019 7,870 
retail trade 34,712 41,729 12,551 8,051 8,522 4,017 5,248 7,565 11,386 11,839 24,395 25,278 13,704 
11. Finance, real e~tate: In~.· 47,111 173,880 3,151 3,835 4,063 1,222 2,091 5,119 20,858 72,406 92,460 42,980 2,888 
12. Other services ....... 12,822 19,789 6,431 10,693 7,687 2,241 3,245 4,864 17,214 81,168 15,730 24,011 5,721 
13. Construction 3,348 2,877 1,260 757 518 604 355 661 25,832 2,586 67,190 10,244 27 
Distribution of busin·e~s.· income: 
14. Households ........... 434,601 
Government: 
701,719 128,510 96,525 132,307 76,492 115,432 177,292 276,014 609,871 568,912 546,611 201,495 
15. State and local 34,848 46,331 3,101 4,172 5,091 1,750 2,408 3,576 50,154 99,953 135,646 35,600 3,205 
16. Federal. . ..... :: 6,111 10,317 8,468 10,722 17,927 7,882 10,387 14,942 45,855 35,969 19,850 25,717 6,419 
17. Capital consumption 23,510 78,567 13,897 44,469 38,755 7,879 26,989 28,679 188,201 20,640 197,369 72,937 11,923 
18. Imports ............. 255,550 45,571 16,197 64,607 66,515 63,093 50,799 88,282 61,476 45,537 52,525 38,471 29,441 
Gross outlay 2, I 00,758 1,352,689 1,289,793 639,263 494,502 235,499 304,930 444,861 778,675 1,054,343 1,290,496 939,709 321,370 
Table 18. Total purchases of final demand sectors, and total gross outputs, in thousand dollars, Iowa, 1954. 
State and 
Originating Household local Federal Capital Gross 
sectors expenditures government government formation Exports output 
14 15 16 17 18 19 
Agriculture: 
I. Livestock .......... 50,363 2,467 736,035 2,100,758 
2. Crops and other~' 25,021 592 203 l,cii4 171,478 1,352,689 
Manufacturing: 
3. Meat products ..... 194,030 4,502 
"'2 i2 1,010,432 1,289,793 4. Other food and kindred prod. 330,716 2,034 32,868 639,263 
5. Other nondurables . 126,672 22,604 1,939 9,790 1,265 494,502 
6. Farm machinery ... 2,347 39 103,427 103,132 235,499 
7. Other machinery .. . .......... 30,885 21,263 2,012 143,505 2,663 304,930 
8. Other durables .......... 132,862 26,658 11,643 58,768 444,861 
Services: 
9. Regulated industries ..... 254,794 23,422 7,457 16,267 81,886 778,675 
10. Wholesale and retail trade ......... 799,941 11,277 5,802 28,326 1,054,343 
11. Finance, real estate, ins. 569,269 40,817 2,458 5,969 199,919 1,290,496 
12. Other services ..... 552,510 155,717 8,042 11,824 939,709 
13. Construction 49,700 25,698 129,713 321,370 
Distribution of bus!nes~ . ;ncome': ...... 
14. Households ...................... 103,879 324,318 4,493,978 
Government; 
15. State and local ........... 70,987 104,958 48,815 650,595 
16. Federal 385,485 1,413 1,368 608,832 
17. Capital consumption ......... 355,024 
76".945 12~ 18i 230~573 1,108,839 18. Imports 615,419 1,813,182 
Gross outlay 4,493,978 650,595 451,977 739,198 2,339,678 19,922,314 
Table 19. Direct and Indirect effects of a $1 change in specified final demands, Iowa, 1954. 
Agriculture Manufacturing Services 
Other Finance,. 
food real 
Crops and Other Farm Other Regulated estate 
Producing and Meat kindred non- machin- machin- Other indus- and Other Canstruc-
sectors Livestock other products products durobles ery ery durables tries Trade insurance services tion 
I 2 3 4 5 6 7 8 9 10 II 12 13 
(Doliars) 
I · ... , ..... 1.1317 0.0033 0.9035 0.2584 0.0173 0.0011 0.0015 0.0029 0.0020 0.0119 0.0009 0.0066 0.0012 
2 .......... 0.5215 1.1303 0.4204 0.3841 0.1926 0.0060 0.0077 0.0136 0.0073 0.0138 0.0049 0.0156 0.0070 
3 .......... 0.0013 0.0008 1.0536 0.0103 0.0103 0.0007 0.0012 0.0023 0.0009 0.0059 0.0005 0.0036 0.0007 
4 · ........ 0.0889 0.0116 0.0791 1.2111 0.0377 0.0017 0.0020 0.0040 0.0050 0.0146 0.0015 0.0064 0.0019 
5 · ........ 0.0366 0.0524 0.0465 0.0707 1.3306 0.0367 0.0464 0.0754 0.0342 0.0264 0.0294 0.0785 0.0307 
6 · ........ 0.0025 0.0035 0.0021 0.0015 0.0009 1.0750 0.0166 0.0018 0.0004 0.0003 0.0001 0.0008 0.0008 
7 ......... 0.0021 0.0022 0.0061 0.0054 0.0090 0.1263 1.1788 0.0331 0.0077 0.0040 0.0043 0.0104 0.0217 
8 ......... 0.0106 0.0128 0.0175 0.0185 0.0192 0.1306 0.1203 1.1615 0.0232 0.0158 0.0182 0.0348 0.1070 
9 .......... 0.0667 0.041 I 0.0756 0.0779 0.0560 0.0424 0.0357 0.0679 1.0751 0.0432 0.OB07 0.0474 0.0372 
10 .......... 0.0414 0.0417 0.0449 0.0375 0.0334 0.0255 0.0255 0.0246 0.0205 1.0180 0.0261 0.0335 0.0479 
II .......... 0.1069 0.1629 0.0909 0.0750 0.0451 0.0138 0.0157 0.0221 0.0360 0.0835 1.0842 0.0585 0.01B3 
12 · ......... 0.0235 0.0247 0.0264 0.0355 0.0298 0.0173 0.0184 0.0188 0.0283 0.0838 0.0194 1.0331 0.0253 
13 .......... 0.0112 0.0127 0.0112 0.0098 0.0065 0.0055 0.0039 0.0056 0.0380 0.0093 0.0595 0.0162 1.0029 
Totals 2.0449 1.5000 2.7778 2.1957 1.7884 1.4826 1.4737 1.4336 1.2786 1.3305 1.3297 1.3454 1.3026 
Table 20. Capital input-output coefficients, Iowa, 1954." 
Agriculture Manufacturing Services 
Other Finance,. 
food real 
Crops and Other Farm Other Reguloted estate 
Producing and Meat kindred non- machin- machin- Other indus- and Other 
sectors Livestock other products products durables ery e1 durables tries Trade ins-urance services construction T 2 3 4 5 6 8 9 10 II 12 13 
2 
(dollars) 
· ......... 0.0078 0.0051 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0.0004 0 0 0 0 0 0 0 0 0 
5 ::::::::: :0.0167 0.0110 0.0132 0.0064 0.0085 0.0133 0.0070 0.0100 0.0132 0.0132 0.0160 0.0133 0.0037 
6 .......... 0.5263 0.6896 0 0 0 0 0 0 0 0 0 0 0.0317 
7 0 0 0.2500 0.6367 0.5206 0.2500 0.6026 0.4311 0.1780 0.2783 0.1270 0.2783 0.7305 
8 ::::::::: :0.1689 0.1107 0.0639 0.0309 0.0408 0.0639 0.0338 0.0485 0.0639 0.0639 0.0774 0.0639 0.0182 
9 0 0 0 0 0 0 a 0 0.1166 0 0 0 0 
10 : : : : : : : : : : 0.0484 0.0317 0.0383 0.0186 0.0245 0.0383 0.0203 0.0291 0.0383 0.0383 0.0464 0.0383 0.0109 
II .......... 0.0102 0.0067 0.0080 0.0039 0.0052 0.0081 0.0043 0.0061 0.0081 0.0081 0.0088 0.0081 0.0348 
12 .......... 0.0202 0.0132 0.0160 0.0077 0.0102 0.0160 0.0085 0.0122 0.0160 0.0160 0.0194 0.0160 0.0046 
13 .......... 0.0724 0.0474 0.2096 0.1014 0.1339 0.2095 0.1110 0.1589 0.2095 0.2096 0.2538 0.2096 0.0596 
14 .......... 0.1291 0.0846 0.4010 0.1940 0.2563 0.4009 0.2125 0.3041 0.3564 0.3726 0.4512 0.3725 0.1060 
Totals · ......... 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
• Sectors I and 3 have no capital production. 
~ 
The remammg series of coefficients used in the 
Iowa model are summarized in table 21. First, the 
estimate of capital per dollar of output (row 1) is 
based primarily on two sources: Capital in the Ameri-
can Economy by Kuznets (8) and Leontief's article 
on "Factor Proportions and the StruchIre of American 
Trade: Further Theoretical and Empirical Analysis" 
( 9). Depreciation per dollar of capital (row 2) is 
based on the value of capital stocks and capital con-
sumption per unit of output. The anticipated rates of 
growth in demand (row 4) are based on derived 
trends in output (12). 
The output-capacity ratios that businesses try to 
maintain (row 4) were estimated on the basis of the 
fluctuations in the industry's output. The ratio would 
tend to be low for an industry with highly cyclical 
output. Ceiling investment rates (row 5) were set on 
the basis of previous investment cycles. Ceilings are 
effective only for sectors 7, 8 and 11, which show 
unreasonably high levels of investment in some years 
if ceilings are not applied. Values of 10 for other 
sectors mean that, in effect, no ceiling rates are opera-
tive for those sectors. 
The coefficients in row 6 are the proportions of 
total household expenditures spent for specified out-
puts in 1954. These coefficients can be derived directly 
from the data in table 18. The export demand trends 
are based on derived data (12). 
The coefficients in diagonal matrix number 9 are 
the ratios of state and local government expenditures 
for the output of a particular sector to tax collections 
in the previous year. The coefficients were estimated 
by dividing total 1954 tax receipts of state and local 
governments into 1954 state and local government 
expenditures per sector and by adjusting these data 
to allow for the annual rate of growth in tax receipts. 
Finally, the ratios of federal expenditures for indivi-
dual sectors to total federal expenditures (row 10) 
were assumed to remain the same as in 1954. Again, 
the data in table 1 can be used to derive these ratios. 
The equilibrium labor force-employment ratios (di-
agonal matrix number 12) were based upon what ap-
peared to be reasonable unemployment rates during 
periods of high employment. However, the growth 
rates in employment (matrix 13) were based upon 
u.s. Census of Population data (25). 
The upper and lower bounds on percentage change 
in the labor force (matrices 14 and 15) were initially 
based upon the trends in employment shown in matrix 
13. These estimates were later modified on the basis 
of preliminary simulation runs. 
The output-labor ratios are based on data derived 
from a related study (12) as are the trends in the 
output-labor ratios (matrix 11). 
The ratios of value added to output (matrix 18) 
are assumed to be the same as in 1954 and are com-
puted from the data in table 17. 
The coefficients relating state and local tax receipts 
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to output (matrix 19) are derived by dividing 1954 
sales tax payments by 1954 output. Similarly, the 
coefficients in matrix 20 were derived by dividing 
1954 state and local tax payments, other than sales 
tax payments, by the capital stock in 1954. 
The ratios of federal tax payments to output are 
assumed to be the same as in 1954. Thus, the coeffi-
cients in matrix 21 can be derived from data in 
table 17. 
The elements of matrix 23 are derived by dividing 
1954 wages and salaries by 1954 employment. 
The growth rates in wages and salaries by sector 
are based on data in the U.S. Census of Population 
(25). 
The ratios of autonomous retained earnings to value 
added (matrix 25) are detennined on the basis of 
preliminary simulation runs. 
The ratios of imports to output are assumed to be 
the same as in 1954. The data used in deriving the 
ratios are in table 17. 
The population-labor ratios are based on derived 
data (12) while the elements of matrix 29 are based 
on data in the U.S. Census of Population (25). 
Lobor productivity experiments 
The benchmark run provides a starting point for 
the computer "experiments." Two types of experi-
ments could be perfonned by changing the para-
meters: (a) some of the parameters for the 1954-62 
period could be changed to observe what "would have 
been" if different conditions had prevailed during the 
historical period, and (b) some of the parameters for 
the 1963-74 period could be changed to generate 
alternative predictions of the area's economic vari-
ables. For example, different growth rates in labor 
productivity could be hypothesized and their impact 
on the economy measured by the results of the simu-
lation run. 
The model, as fonnulated in the FORTRAN lan-
guage, is a good experimental tool. Changes in the 
parameters of the model are made by simply replacing 
the appropriate data inputs to the computer. It is 
also quite easy to make selected changes in the struc-
ture of the model. For example, the investment func-
tion (equation 2.2) could be changed by replacing a 
few cards in the program deck. 
Table 22. Specified annual rates of growth in output per 
worker, Iowa, 1954·74. 
i"roducjn,J Experi- Experi-
sector Benchmark ment I ment2 
Agricu:ture: 
I. Livestock .., ........ .0.039 0.030 0.039 
2. Crops . .......... . . 0.078 0.030 0.078 
Manufacturing: 
3. Meat products ........... 0.031 0.031 0.031 
4. Other food products ..... . 0.031 0.031 0.031 
5. Other nondurables ... .. 0.032 0.032 0.032 
6. Form machinery 0.033 0.033 0.033 
7. Other machinery .. . ..... 0.033 0.OJ3 O.OJJ 
8. Other durables .. . ...... 0.03J O.OJJ 0.033 
Services: 
9. Regulated industries 0.042 0.042 0.042 
10. Wholesa Ie and retail . . .. 0.010 0.010 0.005 
II. Finance, real estate 
and insurance ...... 0.013 O.OIJ '0.005 
12. Services ........... :::: .0.010 0.010 0.005 
13. Construction 0.012 0.012 0.012 
As noted earlier, a "benchmark run" was defined as 
a basis of comparison for future "experiments" on the 
simulation model. Two experiments were conducted 
to investigate the effects of different growth rates in 
labor productivity on the endogenous variables in the 
model. The labor productivity growth rates for the 
1954-62 period in the two experimental runs were the 
same as those for the benchmark run, but for the 
1963-74 period, some of the growth rates were 
changed (see table 22). Results of these two experi-
ments are illustrated in tables 23 and 24. 
The labor productivity growth rates for the two 
agricultural sectors were decreased for experiment 
No. 1. In comparing the results of the experiment with 
the results of the benchmark run, we see that: 
(a) Net product is smaller from 1964 through 1968, 
but larger in later years, reaching a maximum dif-
ference of 85 million dollars in 1974. 
(b) Personal income is the same or smaller in all 
years except 1970 through 1972. 
( c) Gross investment is the same or smaller in all 
years before 1969, but larger in all subsequent years. 
( d) Population is larger in all years after 1963, 
with a maximum difference of 140,000 in 1974. 
( e) Employment is larger in all years, with a dif~ 
ference of 49,000 in 1974. 
(f) Per-capita income is lower in all years after 
1963, the greatest difference being $125 in 1974. 
The effects of the lower productivity growth rates 
can be evaluated by the trends in the difference be-
tween the benchmark series and the experimental 
series. The net product, personal income and gross 
investment series in experiment No. 1 exhibit no clear 
Table 23. Time series of net product, penonal income and gross investment. 
Net product 
Benchmark,---=--;~D:;..:i;..:.ff;::.;er~enc:.::c;.=.e-=::-;;:;:--_ 
Yeor No.1- No. 2b 
(million dollars) 
1963 ........ 6,001 0 0 
1964 ........ 6,066 -15 a 
1965 ........ 6,J02 -28 a 
1966 ........ 6,563 -48 -2 
1967 ........ 6,947 -52 -20 
1968 ........ 7,218 ·17 -21 
1969 ....... 7,261 20 -2 
1970 ........ 7,223 13 24 
1971 ........ 7,319 54 51 
1972 ........ 7,614 59 45 
1973 ........ 7,956 85 61 
1974 ........ 8,421 46 J4 
-Experiment No. 1 minus benchmark series. 
bExperiment No. 2 mInus benchmark series. 
Benchmark 
5,418 
5,553 
5,792 
6,012 
6,153 
6,150 
6,238 
6,519 
6,650 
6,92J 
7,197 
7,315 
Personol income 
Difference 
No. I" 
(million dollars) 
0 0 
·15 0 
-27 a 
-41 -1 
-4 -8 
0 11 
-J 28 
5 20 
40 41 
48 37 
0 16 
-15 27 
Gross investment 
Benchmark Difference 
No.2b No. I- Na.2b 
(millian dollors) 
1,442 0 0 
1,017 0 0 
1,292 0 0 
1,247 -37 0 
1,665 -31 0 
2,127 -54 -2 
1,997 31 -8 
1,723 15 .. 
1,246 81 68 
1,583 66 10 
1,653 87 80 
2,17J 73 67 
825 
Table 24. Time series of population, employment and per capito income. 
Population Employment Per-capita income 
Benchmark Difference Benchmark Difference Benchmark Difference 
No. I· No. 2b No. I" No.2" No.1- No. 2b 
Year 
(thousands) 
1963 ....... 2,786 0 o 
o 
2 
11 
978 
963 
972 
982 
(thousands) 
4 2 
5 
7 
9 
9 
1,945 
2.006 
2.104 
2.184 
2.221 
2,190 
2,200 
2.294 
2,350 
2,456 
2.549 
2,564 
(dollors) 
o 
-9 
o 
o 
-I 
1964 ...... 2,769 4 
1965 ....... 2,753 17 
1966 ...... 2,753 29 
1967 ........ 2,770 38 
1968 ....... 2,808 50 
1969 ........ 2,836 65 
1970 ........ 2,841 82 
1971 ........ 2,829 92 
1972 ........ 2,819 107 
1973 ........ 2,824 123 
1974 .... 2,853 140 
25 
25 
31 
39 
43 
60 
76 
93 
-Experiment Na. 1 minus benchmark series. 
"Experiment No. 2 minus benchmark series. 
1,005 
1,017 
1.005 
983 
971 
981 
996 
1,021 
trends in comparison with the benchmark runs. How-
ever, both the population and employment series in 
experiment No. 1 tend to become larger in comparison 
with the corresponding benchmark series, while the 
per-capita income series tends to become smaller 
(although it increases in absolute terms). 
In the second experiment, the labor productivity 
growth rates for three sectors (wholesale and retail 
trade; finance, real estate and insurance; and services) 
were decreased to 0.005. The results of this experi-
ment, when compared with the benchmark run, are 
similar to the results of experiment No. 1. 
Additional insights into the functioning of the 
model can be obtained by examining the disaggre-
gated series for individual sectors. Employment and 
gross output time series for the 13 business sectors 
are presented in tables 25 and 26. 
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Fig. 3. Employment trends in livestock production under 01· 
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8 
10 -22 
II -38 -9 
15 -31 -22 
22 11 
17 
22 
28 
31 
35 
35 
-38 -15 
29 
-51 -14 
31 -62 -24 
40 
-60 -21 
44 -74 -38 
48 -107 -62 
49 
-125 -72 
The employment data for the benchmark run in 
table 25 show the importance of the two agricultural 
sectors in the total employment picture; the rapid 
downward trends in these two sectors are also impor-
tant factors in the dynamic employment changes in the 
whole economy. The largest increases in employment 
were found in the wholesale and retail, and other 
services sectors. The finance, real estate and insurance, 
and construction sectors also showed sizable in-
creases. 
Figures 3 through 8 show the employment time 
series for six sectors for the benchmark run, experi-
ment 1 and experiment 2. As illustrated in figs. 3 and 
4, employment in the two agricultural sectors in ex-
periment 1 is much larger than in the benchmark 
run, while the results of experiment 2 are close to 
those of the benchmark run. However, the results of 
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Fig. 4. Employment trends in crop production under alter-
native assumptions, Iowa, 1963-74. 
Table 25. Estimated employment and differences in employment under alternative assumptions, by sector, Iowa, 1963-74. 
Other Farm Other Other Wholesale Fin., real 
Series Livestock Crops Meat prod. Other food nondurab. machinery machinery durable. Regulated and retail estate, ins. Services Construction 
(thousands) 
1963 Benchmark .. 123.8 72.7 26.8 21.4 34.6 15.2 36.1 45.8 60.7 202.5 36.2 177.4 61.7 
Exp. 1 ...... 1.1 3.4 0 0 0 0 0 0 0 0 0 0 0 
Exp. 2 ..... 0 0 0 0 0 0 0 0 0 1.0 0.3 0.9 0 
1964 Benchmark · .122.1 69.1 26.7 21.5 34.6 14.9 30.1 42.4 59.5 202.8 37.2 179.6 59.2 
Exp. 1 ...... 2.1 5.5 0 0 0 0 0 0 0 0 0 0 0 
Exp. 2 ...... 0 0 0 0 0 0 0 0 0 2.0 0.6 l.8 0 
1965 Benchmark · .120.0 65.6 26.6 21.3 35.4 15.6 30.5 45.0 5B.9 206.7 38.0 182.3 62.3 
Exp. 1 ...... 3.1 B.3 -1.0 a -0.1 0 a -0.1 -0.1 -0.5 -0.1 -0.4 0 
Exp. 2 ...... 0 0 0 0 0 0 0 0 0 3.1 0.9 2.7 0 
1966 Benchmark · .IIB.5 62.6 26.6 21.5 36.4 15.8 30.2 45.1 5B.9 212.1 39.4 186.9 63.5 
Exp. 1 ...... 4.1 11.4 a -0.1 -0.2 -0.1 -0.5 -0.5 -0.3 -1.4 -0.2 -1.0 0 
Exp. 2 ...... 0 0 0 0 0 0 0 0 0 4.1 1.2 3.7 0 
1967 Benchmark · .116.9 59.7 26.6 21.6 38.0 16.3 35.8 49.2 59.7 217.5 40.8 193.5 64.8 
Exp. 1 ...... 5.1 14.2 a -0.1 -0.2 0 -0.8 -0.6 -0.4 -0.8 -0.2 -1.4 0 
Exp. 2 ...... a a a 0 0 0 a a a 2.9 1.4 4.8 0 
1968 Benchmark .. 114.9 56.7 26.4 21.4 39.2 16.6 40.4 50.8 59.8 221.9 41.7 196.1 66.1 
Exp. 1 ...... 6.1 17.2 a a -0.2 0 0 0 -0.2 -0.8 -0.1 -0.5 0 
Exp. 2 ...... a a a a 0 0 0 0 0.1 3.0 2.0 5.6 0 
1969 Benchmark · .112.6 53.4 26.2 20.8 38.6 16.5 41.3 50.4 57.7 219.7 41.7 193.1 67.4 
Exp. 1 ...... 7.1 20.1 0 a 0.1 0.1 0.5 0.3 0.1 0.3 a 0.1 0 
Exp. 2 ...... a a a a a a -0.2 -0.1 a 7.8 2.4 6.8 0 
1970 Benchmark .. 110.5 50.4 26.1 20.3 38.1 15.9 35.5 47.8 55.3 215.0 41.9 191.1 68.7 
Exp. 1 8.0 22.2 a a a 0.1 0.2 2.1 0.1 0.2 a a 0 
Exp. 2 :::::: 0.1 a a 0.1 0.2 a 0.1 0.2 0.2 9.7 2.9 8.5 0 
1971 Benchmark · .109.0 8.0 26.0 20.4 38.3 15.8 29.1 44.9 54.4 214.9 43.0 193.0 67.1 
Exp. 1 ...... 8.9 24.4 a a 0.2 a 1.1 0.6 0.2 1.2 0.1 0.7 2.4 
Exp. 2 ...... 0.1 0.1 a 0.1 0.2 0.1 0.7 0.6 0.2 11.3 3.3 9.8 2.2 
1972 Benchmark · .107.2 45.5 25.9 20.1 39.2 16.2 31.2 47.3 53.8 218.4 43.9 195.3 69.9 
Exp. 1 ...... 9.9 26.4 a 0.1 0.3 0 0.7 0.7 0.3 2.0 0.2 1.4 1.6 
Exp. 2 ...... 0.1 0.1 a 0.1 0.2 0.1 0.2 0.3 0.2 12.7 3.9 11.2 1.6 
1973 Benchmark · .105.8 43.4 25.9 20.3 40.5 16.6 32.0 48.4 53.9 224.4 45.4 200.1 71.3 
Exp. 1 ...... 10.8 28.4 a 0.1 0.4 0 1.1 0.8 0.4 2.4 0.3 1.7 1.7 
Exp. 2 ...... 0.1 0.1 a 0.1 0.3 0.1 0.9 0.7 0.3 14.1 4.4 12.7 1.7 
1974 Benchmark · .104.4 41.5 25.8 20.4 41.8 16.9 38.3 52.4 54.6 229.7 47.1 206.8 72.7 
Exp. 1 ...... 11.4 30.2 a a 0.5 0 1.2 0.5 0.1 2.8 a 0.5 1.7 
Exp.2 ...... c a a a 0.3 0.1 1.1 0.5 0.2 13.5 4.8 13.4 1.7 
• Less than 50. 
~ 
~ 
00 
Table 26. Estimated gross output and differences in output under alternative assumptions, by sector, Iowa, 1963-74. 
Series Livestock 
1963 Benchmark .. 2,508 
Exp. I 0 
Exp. 2 . . 0 
1964 Benchmark .. 2,570 
Exp. 1 .. 0 
Exp. 2 . . . . 0 
1965 . Benchmark .. 2,625 
Exp. 1 -1 
Exp. 2 . 0 
1966 Benchmark .. 2,693 
Exp. 1 -2 
Exp. 2 . .. 0 
1967 Benchmark .2,761 
Exp. 1 -4 
Exp. 2 " -1 
1968 Benchmark .. 2,819 
Exp. 1 0 
Exp. 2 " 0 
1969 Benchmark .. 2,871 
Exp. 1 -1 
Exp. 2 . . . 0 
1970 Benchmark .. 2,927 
Exp. 1 0 
Exp. 2 .. 2 
1971 Benchmark .. 2,999 
Exp, 1 I 
Exp. 2 .. I 
1972 Benchmark .. 3,064 
Exp.l ... 3 
Exp. 2 . . . . 3 
1973 Benchmark .. 3,142 
Exp. 1 4 
Exp. 2 . .... 3 
1974 Benchmark .. 3,222 
Exp. 1 ...... 0 
Exp. 2 ...... 1 
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Fig. 7. Employment trends in other servic:es under alternative 
assumptions, Iowa, 1963.74. 
ductivity in the agricultural sectors allowed large 
increases in output, while the number of agricultural 
workers dropped sharply. On the other hand, the in-
creased output in wholesale and retail trade and 
other services required fairly large increases in em-
ployment. 
Experiment No.1 (in comparison with the bench-
mark run) first lowered output in all sectors until 
1969, and then increased output in subsequent years. 
The level of employment in the two agricultural sec-
tors increased sharply, until 41,700 more workers were 
employed in these two sectors by 1974. The other 
sectors showed employment declines, foIIowed by 
slight increases. 
In experiment No.2, gross output did not differ 
greatly from that of the benchmark run in any sector. 
Emp]oyment increased substantially in the three sec-
tors (10, 11 and 12) with lower labor productivity 
growth rates. Employment increased slightly in all 
sectors in the later years. 
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Export demand experiment 
Experiment No. 3 was conducted to study the 
effects of export demand on the endogenous variables. 
The growth rates in export demand for the first four 
sectors-livestock, crops and other agriculture, meat 
products, and other food and kindred products-were 
reduced by ~ percent. These four sectors accounted 
for 87 percent of Iow.a's total exports in 1954. The 
largest export sector was the meat products sector, 
with exports of slightly more than 1 billion dollars. 
The reduction in export demand growth is accom-
plished by changing the first four coefficients ( the 
first four diagonal elements) of the matrix A21 • These 
coefficients for experiment No.3 are 1.012, 1.015, 1.024 
and 1.025. 
The results of the experiment, when compared with 
the benchmark run, are shown in table 27. Net pro-
duct, personal income, population and employment 
Table 27. Differenc:es in selected time series for experiment No.3, Iowa, 1963·74. 
Net Personal 
Year product income 
(miL dol.) (mil. dol.) 
1963 ............. -B6 -Bl 
1964 -208 -186 
1965 · . . . . . . . . . . . . -364 -323 
1966 ............. -533 ·458 
1967 ............ , -658 -363 
196B 
· . 
....... ,. , -617 -116 
1969 ......... ,., . -315 -112 
1970 ........ , . . , -41 -385 
1971 · ...... ,.', .. -132 -433 
1972 .,.,., ...... , -442 -450 
1973 " ... , ....... ·749 -631 
1974 -953 -517 
• Benchmark series: Experiment No. 3 
Difference from benchmork run' 
Gross 
inve~tment 
(mil. doL) 
o 
.90 
-301 
-366 
-442 
-667 
-264 
333 
695 
131 
-470 
-692 
Population 
(thou.) 
O· 
-10 
-22 
-42 
-75 
-123 
-140 
·121 
-90 
-86 
-100 
-141 
Employment 
(thou.) 
-11 
-27 
-48 
-71 
-82 
-78 
-47 
-16 
·20 
·49 
-82 
-100 
Per-capita 
income 
(doL) 
-29 
-61 
-101 
-136 
-72 
57 
72 
-39 
-80 
-88 
-138 
-57 
829 
were lower than the corresponding series of the 
benchmark run. 
EVALUATION OF SIMULATION MODELS AND 
SOCIAL ACCOUNTING SYSTEMS FOR 
REGIONAL ANALYSIS 
The two major models presented in this report 
represent two approaches to data analysis. The pro-
duct and income accounts are a means of describing 
a highly complex set of economic relations that char-
acterize an economic system. The computer model 
and simulation procedures are teclmiques for creating 
a dynamic representation of a less complex counter-
part of the static economic system described by the 
product and income accounts. Without the social 
accounts, the computer model presented in this report 
could not be constructed. Without the computer 
model, however, the system-wide effects of changes 
in particular segments of a regional economy could 
not be readily presented over a period of years. Thus, 
the two analytical approaches reinforce each other 
and also indicate the data and computer programming 
procedures needed to adequately analyze the complex 
system of interdependent technical and behaviorial 
relations that describe a regional economy. 
In this section, three areas of consideration in de-
scribing and creating a regional economic system are 
reviewed. This review is approached in terms of (a) 
the design of regional social accounts; (b) the prep-
aration and reconciliation of regional economic pro-
jections; and (c) the evaluation of regional trends 
and programs. 
Design of Regional Accounts 
The design of the regional product and income ac-
counts corresponds to the design of the national pro-
duct and income accounts so that a regional break-
down can be obtained of the critical variables 
affecting the rate of aggregate economic growth. 
Thus, the regional accounts can serve a useful purpose 
in the devolution of national economic policies and 
programs. 
A system of regional accounts can be designed also 
from a regional rather than a national viewpoint. The 
region can be viewed as a separate level of govern-
mental policy-making that is distinct from the national 
and the local levels. The region, moreover, can be 
described in terms of a series of interdependent 
functional relations in a manner comparable to the 
description of the national and local economic sys-
tems. 
In the case of the nation, different commodity and 
financial markets can be identified that are national in 
scope. Except for trade with the rest of the world 
(which is of relatively small magnitude when com-
pared with a region or a local area), most industries 
in the national market obtain their material and ser-
vice inputs from other industries or sectors in the 
nation, and they dispose of their outputs among other 
industries or sectors within the nation. Thus, a system 
of intersectoral transactions describes both the tech-
nical and the behaviorial relations among sectors. 
At the local level, the unifying concept is one of 
trade and transportation-the movement of people 
from their homes to work, shop and play, and of 
interplant and interarea tr,ansfers of raw materials 
and semifinished or finished products. Thus, a local 
system of intersectoral transactions is primarily a 
behaviorial system rather than one based on engi-
neering or technical relations (which are involved, 
again, at the micro-local, or individual firm, level, but 
not at the local area level). 
The region as an economic entity stands apart 
from the nation and the local area. From the view-
point of this study, the well-being of a region is de-
termined by two important factors-its resource 
productivity and its terms of trade and balance of 
payments with the rest of the world. Thus, from a 
regional standpoint, the production account and the 
rest-of-world account are of unique importance in 
describing the internal mechanism of growth in a 
regional economy. Moreover, the relationship be-
tween the rest-of-world account and the production 
account, given the total employment and population 
of the region, provides a specific measure of potential 
growth in its residentiary or nonexport activities. 
The social accounting matrix for Iowa describes an 
economic system that is neither regional nor local in 
its functional organization. The Iowa economy is 
made up of several local economies (each of which is 
centered on one of a dozen or so of Iowa's largest 
cities); Iowa, along with nine other states, makes up 
one of 16 resource regions-the Missouri Basin. Be-
cause water, land and other natural resources are 
Table 28. Social accounting matrix for Iowa, 1974." 
Incomings 
Production 
account 
Production account , . . . . . 0 
Consumption account ...... 6,720.4 
Consumption 
account 
4,953.1 
o 
Outgoings 
State and 
local Capitol 
govt. account account 
945.3 
o 
(million dollars) 
2,201.7 
o 
State and local 
C g~tvelrnment atccount ...... 1 084206.7 1 6~~'g g g apl a accoun . . . . . . .., . , . 500.5 
Rest-of-world accountb ..... 292.4 592.3 2.5 
All accounts . . .. 8,880.2 7,243.1 947.8 2,702.2 
• Sums af individual entries are not necessarily equal to column totals because of rounding. 
b Including federal government. 
880 
Rest-of-world 
account 
780.2 
522.7 
84.8 
o 
o 
1,387.7 
Total 
all 
accounts 
8,880.2 
7,243.1 
947.8 
2,702.2 
1,387.7 
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Table 30. Estimates of out-of-state shipments ta toto I 
final demand in Iowa, 1954 and 1974 . 
Item Units 1954 1974 
Final demand: 
2,417.0 4,046.5 
4,997.7 8,100.0 
Out-of-state sales' .... millions doliars 
In-state sales ......... millions dollars 
7,414.7 12,146.5 Total 
Ratio of out-of-state 
to in-state sales percent 48 50 
• Including federal government. 
relatively important in Iowa's economic development, 
and because the federal government historically has 
assumed leadership in the development of these 
resources, the cooperative federal-state river basin 
development programs also are of critical importance 
to the Iowa economy. The effects of these programs 
can he studied advantageously within the context of a 
regional system of social accounts that are disaggre-
gated on an individual state basis. Thus, the regional 
social accounts, although best developed on a multi-
state basis as an accounting system depicting the 
functional organization of spatially differentiated eco-
nomic activities, can be used on a state basis for 
evaluating the state-level effects of regional develop-
ment programs. 
Two major categories of economic activities can be 
described with reference to the social accounting 
matrix illustrated earlier in tables 3 and 4 and, again, 
in tables 28 and 29. These categories are included in 
the product and the rest-of-world accounts in terms 
of total exports and imports, and total production. 
A comparison of total exports with total production 
for final demand shows essentially the same ratio of 
exports to in-state purchases in 1954 and 1974, ac-
cording to the summary data in table 30.8 To the 
extent that the dollar value of final demand corre-
sponds with relative employment levels among the 
individual sectors, the export-nonexport sales ratio is 
comparable to a basic-service or an export-residentiary 
dichotomy in total Iowa employment. Therefore, 
assuming a one-to-one correspondence between value 
of sales and employment, the data in table 30 suggest 
that the estimated long-run area multiplier is essen-
tially .a constant. This conclusion is contrary to area 
multiplier trends in the nation as a whole. Increasing 
consumer incomes .are encouraging rapid expansion of 
the local service sectors which are contributing to a 
declining basic-service or export-residentiary employ-
ment ratio. 
The 13-sector dis aggregated version of the 7-sector 
computer model, the greater sectoral detail regard-
ing exports, imports and employment, has made 
possible a refinement in the estimation procedures 
that yields lower estimates of exports and, thus, a 
lower export-nonexport ratio. Thus, the additional 
sectoral detail is important in obtaining more realistic 
• Because of disaggregation and adjusbnent of the data in the 7 -sector 
model, the computer runs using the IS-sector model show a somewhat 
smaller ratio of exports to nonexport sales for 1974; these differences are 
discussed later. 
831 
Table 31. Derived trends in income of major economic seeton, Iowa." 
Yeor (from Gross Personal State and Gross Federal Trade 
1954 bose) production income local taxes saving toxes Exports Imports Net 
(million doliars) 
0 .. 5,570 4,494 497 1,077 
1 . 5,692 4,423 500 1,308 
2 .5,748 4,443 513 1,392 
3 . . . . . . . . . 5,774 4,670 528 1,389 
4 .5,937 4,841 542 1,337 
5 6,110 4,990 552 1,349 
6 -., . 6,411 5,180 565 1,442 
7 6,729 5,165 581 1,542 
8 6,869 5,170 600 1,711 
9 6,838 5,418 621 1,686 
10 6,931 5,553 638 1,551 
11 7,176 5,792 649 1,663 
12 7,446 6,012 667 1,639 
13 ... 7,840 6,153 683 1,765 
14 8,145 6,150 704 1,952 
15 8,253 6,238 730 2,055 
16 8,269 6,519 753 2,009 
17 8,390 6,650 770 1,866 
18 8,689 6,923 783 2,018 
19 .9,043 7,197 805 2.035 
20 9,527 7,315 826 2,205 
• Benchmark series of 13-sector computer model. 
and valid estimates of future regional economic con-
ditions, 
Regional Economic Projections 
The regional economic projections prepared by use 
of the computer models are a means of describing 
trends and changing relationships among the major 
entries in the regional system of product and income 
accounts, The regional trends presented pertain prim-
arily to a region's (e,g., Iowa's) economic base and its 
trade relations with other regions. From the viewpoint 
of regional analysis (as contrasted to local area analy-
sis), these trends focus on the determinants of region-
al economic growth-resource productivity and aggre-
gate demand for the products produced in the region. 
These growth determinants are described with ref-
erence to the Iowa social accounts presented earlier 
for 1954 and 1974. 
Gross regional product 
The gross regional product is equivalent to net 
production plus a depreciation allowance; it is the 
gross social product of the region-the reimbursement 
to primary resources engaged in productive activity 
(see equations 3.5 and 3,6). It is the regional counter-
part of the gross national product. It also corresponds 
with the marginal production account entries in 
tables 3 and 28. 
According to the data in table 31, gross production 
in Iowa (according to the benchmark series of the 
13-sector computer model) is increasing steadily at an 
annual rate of 2.68 percent; in 20 years it is expected 
to reach a level 71 percent above its base year level 
of 5.57 billion dollars ( in constant 1954 dollars). 
Thus, the growth in gross social product exceeds the 
growth in population (inasmuch as the population 
growth rates are only 0.34 percent per annum, from a 
1954 base of 2,665,000 to 2,852,400 in 1974). On a per-
capita basis, gross Iowa product is expected to in-
crease from $2,090 to $3,340. 
The substantial increase in the imputed market val-
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606 2,417 1,845 572 
612 2,191 2,077 114 
616 2,301 2,080 222 
636 2,490 1,998 492 
656 2,602 1,982 620 
677 2,670 2,022 648 
707 2,674 2,242 432 
722 2,603 2,453 150 
729 2,630 2,547 83 
747 2,900 2,414 486 
760 3,063 2,268 795 
792 3,092 2,452 640 
823 3,206 2,507 699 
855 3,170 2,771 399 
870 3,093 3,000 93 
882 3,360 2,976 384 
905 3,521 2,884 637 
919 3,718 2,725 993 
957 3,758 2,938 820 
996 3,867 3,058 809 
1,031 3,823 3,377 446 
ue of primary resource inputs makes possible corre-
sponding increases in wages and salaries and other 
earnings, and also, in taxes. These income flows be-
come the expenditures flows of the next year in the 
computer programming procedures (see fig. 2). 
Personal income 
Personal income is derived from three major sources 
-businesses, state and local governments, and the 
federal government (see equation 2.21). It is equiva-
lent to the marginal total for the consumption account 
(see tables 3 and 28). It represents the source of 
household expenditures, personal savings and personal 
taxes of the next year in the computer program. 
Personal income in Iowa, according to the derived 
series in table 31, is expected to increase from 4.494 
billion dollars to 7.315 billion dollars in constant 1954 
dollars-an increase of 2.44 percent per annum over 
the 20-year period. With reference to gross produc-
tion, personal income is expected to decline from 80 
percent to 77 percent of the gross social product over 
the 20-year period. This declining proportion is the 
result of a corresponding increase in tax payments 
and business savings. 
As personal income payments increase, personal or 
household expenditures also increase, but not propor-
tionately. The yearly fluctuations in personal expendi-
tures are revealed by the corresponding, but inverse, 
fluctuations in personal savings. Table 32 shows the 
changing ratio of personal savings to total personal 
income over the 20-year projection period. 
State and local taxes 
State and local taxes are paid by businesses and 
households (see equation 2.22). These taxes are ex-
pected to increase by 66 percent above the 1954 base 
of 497 million dollars. This increase amounts to a 
per-annum increase of 2.54 percent annually. Thus, 
state and local taxes are expected to increase at about 
the same rate as the gross product and total personal 
income. 
With reference to the system of social accounts , 
the state and local tax series in table 32 excludes 
federal government transfer payments to state and 
local governments. In 1954, for example, these pay-
ments totaled 49 million dollars. 
Gross saving 
Total gross saving is the sum of business saving and 
personal saving (see equation 3.10); it corresponds 
with the marginal total for the capital account in 
tables 3 or 28. 
Because of yearly fluctuations in both personal and 
business savings, the gross saving estimates for Iowa 
show considerable variability over the projected 20-
year period. The series, nonetheless, shows substantial 
growth from its base year level of 1.077 billion dollars 
to its projected 1974 level of 2.205 billion dollars-a 
3.61 percent per-annum increase compounded an-
nually. 
On a per-capita basis, the projected gross savings 
are expected to increase from $404 to $773, or 3.24 
percent per annum over the 20-year period. This pat-
tern of savings, based on estimated historical trends in 
Iowa, contributes to relatively high rates of growth in 
labor productivity and to relatively favorable demand 
prospects faCing specific Iowa industries. (:hanges in 
rates of capital accumulation would result, of course, 
in productivity and market-share changes, but not nec-
essarily on the proportional basis (see table 32). Ac-
cordingly, private capital formation and labor pro-
ductivity rates and market share estimates would need 
to be adjusted to account for the lower rates of capital 
accumulation. 
Federal taxes 
Federal taxes, which are collected from businesses 
and households (see equation 3.3), are expected to 
increase by 2.66 percent per annwn. This increase in 
federal tax receipts is closely related to the increase 
in gross production, capital stock and personal income 
(see equations 2.16 and 2.21). 
Table 32. Derived trends in ratios of personal saving to per-
sonal income, grass saving and gross investment to net 
product, Iowa.· 
Year (from Personal Gross Gross 
1954 base) saving saving investment 
I .............. 6.0 
(percent) 
25.8 25.4 
2 , ............. 7.3 27.3 25.3 
3 ........... , ... 11.4 27.3 20.9 
4 .... , ......... 10.3 25.6 17.4 
5 ............ ,. 9.9 25.0 16.7 
6 .. . .......... 9.6 25.3 21.5 
7 ..... ,_ ....... 5.6 25.8 26.4 
8 .............. 6.6 28.1 29.6 
9 .............. 11.1 28.1 24.0 
10 ........... ,-. 9.3 25.6 16.8 
II .............. 11.0 26.4 20.5 
12 .............. 9.7 25.0 19.0 
13 .............. 7.B 25.4 24.0 
14 .............. 6.3 27.0 29.5 
15 .. , ........... 7.9 28.3 27.5 
16 .............. 11.0 27.8 23.9 
17 .............. 9.0 25.5 17.0 
18 .............. 10.6 26.5 20.B 
19 .............. 9.7 25.6 20.8 
20 .............. 7.4 26.2 25.8 
• Benchmark series of 13-sector computer model • 
Exports 
Exports, or out-of-state shipments, are a residual 
element in the disposition of gross production among 
the final demands (see equation 3.1). Other compo-
nents of final demand (namely, household demand, 
capital goods demand, state and local government 
demand and feder.al government demand) may fluctu-
ate from year to year, thus, by definition, contributing 
to a highly variable export demand. For example, the 
peculiarities of the model resulted in a 226-million-
dollar, or 9-percent, drop in exports from 1954 to 
1955 (table 31). 
From 1954 to 1974, the derived level of out-of-state 
shipments is expected to increase by 1.406 million 
dollars, or 2.29 percent per annwn. 
Imports 
Imports include both goods for further processing 
and resale, .and goods for final use (see equation 3.2). 
Thus, import demand can fluctuate because of yearly 
changes in gross product or final demand. Over the 
20-year period illustrated in table 31, imports grew 
from 1.845 billion dollars to 3.337 billion dollars-an 
increase of 3.02 percent per annum. 
If import substitution in Iowa were to increase at a 
faster rate than postulated in the computer model, the 
projected 1974 level of imports would be reduced, 
provided output remained the same. This model can-
not establish the effects of import substitution on pro-
duction, however, inasmuch as the functional relations 
connecting import substitution to output changes, 
other than in terms of imports utilized directly in 
production or consumption, are not included in the 
system of equations that make up the model. Further 
work is needed, therefore, to establish the effects of ac-
celerated growth in the industries that now fail to 
supply Iowa's total requirements from these industries 
but that might supply a larger share of these require-
ments in the future. 
Evaluation of Regional Trends and Programs 
Economic projections based on historical trends 
inherently suffer from an obvious shortcoming-the 
assumption that the future is like the past, if not in 
exact levels of major economic activity, at least in 
their interrelationships and structural characteristics . 
If out-of-state shipments and industrial technology, 
for example, change in specified amounts, then pre-
sumably, the pattern of relationships between these 
exogenous variables and particular regional variables, 
such as production, employment and capital stock, is 
expected to remain stable. However, not all deter-
minants of regional growth are exogenous, nor are 
they entirely a matter of prediction. A few of the 
regional growth determinants are subject to influence 
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by state and federal policies that focus upon regional 
affairs. 
A further step in the simulation of regional product 
and income is suggested by the possibility that a series 
of cause-and-effect relations can be established be-
tween particular regional programs and indicators of 
regional well-being. For example, water resource de-
velopment programs in the Missouri Basin will im-
prove the productivity and competitive position of 
the Basin's industries, thus, making possible potential 
growth in the Basin's share of the total national mar-
kets of the selected industries. Moreover, expansion of 
municipal and industrial water supplies could encour-
age some industries, such as chemicals and food 
processing, to locate in the Basin. Similarly, improve-
ments in water transportation on the Missouri could 
improve the competitive position of those industries 
seeking low-cost bulk transportation facilities. Finally, 
workers in these industries might view the favorable 
consequences of the water quality control and recrea-
tional area development programs as important fac-
tors in their decisions to move or to stay. Indeed, be-
cause of the high value per ton of manufactured goods 
and the increasing importance of personal expendi-
tures for services, the household relocation decision is 
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becoming a major factor in plant location decisions. 
Except for chemicals, food processing and a small 
number of related industries, most industries seek 
premium rather than bulk transportation; they are 
more interested in obtaining a particular quality of 
transportation service than the least-cost mode of 
transportation or the least-cost location with respect 
only to transportation services. 
A "program of action" for regional government can 
be formulated in terms of the derived consequences 
of each program on the product and income ac-
counts of the region. Much additional description of 
regional economic structure and processes is needed, 
however, before the relevant cause-and-effect relations 
that connect specified programs with particular eco-
nomic goals can be identified and estimated for use in 
a more refined computer model of regional develop-
ment. Given the additional description, the framework 
presented in this report offers a convenient and mean-
ingful starting point for deriving, on an experimental 
basiS, the economic outcomes from the specified pro-
grams. This, then, remains as a future challenge 
rather than a present accomplishment of simulation 
models and social accounting systems. 
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